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Introduction

Undergraduate students usually develop their appreciation

for abstract mathematics in Linear or Modern Algebra classes.

Linear Algebra introduces the student to formal proofs. Then,

Modern Algebra uses formal proofs to gain insight into group,

ring, and field theories.

Group theory is concerned with both finite and infinite

group structures. The new student to algebra often does not have

the necessary concrete examples at his fingertips to drive home

the ideas presented. This may cause students a great deal of

frustration and affect their confidence. The program and data

base described in this report are designed to alleviate this

frustration. The program makes available to the instructor of

undergraduate students the forty non--isomorphic groups of order

three to sixteen, and the capability to generate any group up to

order one hundred.

This report describes the mathematics behind the program and

how the program functions. Chapter I discusses the basic

mathematical concepts used and how they are translated into a

programming language. Chapter II describes testing results using

the forty non-isomorphic groups of order three to sixteen.

Chapter III then builds upon the previous chapters, presenting

several examples an instructor could use to focus and clarify the

ideas presented in the class and text.



Chapter I

To write a program that generates the elements and subgroups

of a group, a mathematical scheme to generate the elements must

be picked. Several such schemes exist, for example: power

notation, matrix representation, prime power decomposition,

integers under addition modulo some n, and permutations. The

authors chose the permutation scheme because of its general

applicability. We know from Cayley's theorem that every group is

isomorphic to a group of permutations.

Next the authors had to decide what format the permutations

would be represented in - either standard notation

or Cyclic notation (1 5)(2)(3 4)(6). Since every permutation in

standard notation may be written in cyclic notation as above, and

cyclic notation requires less computer storage space, cyclic

notation was picked.

Cyclic notation by its very nature is a wrap-around

notation. This causes some problems since a permutation written

in cyclic notation is not unique. For example, (1 2 3 4),

(2 3 4 1), and (3 4 1 2) all represent the same permutation.

This problem is compounded when a permutation requires more than

one cycle to represent it. For example, the permutation

(1 2 3 4)(5 6 7 8) has sixteen possible different representations

in cycle format. Also, an element of a cycle may be repeated in
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following cycles, or singleton cycles may be present. All of

these problems are easily solved by writing the cycles of a

permutation in a special way. This special format is called the

canonical form of a permutation. It is uhique, and its existence

stems from the following important facts:,

1. Since singleton cycles neither add nor detract from a
permutation represented in cyclic notation, they may be dropped.

2. Every permutation of a finite se- is a product of
disjoint cycles [1].

In Knuth (2] an algorithm was found to generate the

canonical form of a permutation. A collection of cycles that

represents a permutation is first written as a product of

disjoint cycles. Next, each cycle is ordered by finding the

smallest element and putting it first. Then all the cycles are

ordered according to their first elements, highest to lowest.

Any singleton cycles are dropped during this process. An example

is the following, assuming a product of disjoint cycles:

permutation: (4 1 2 3)(8 6 7 5)(9)
first cycle becomes (1 2 3 4)
second cycle becomes (5 8 6 7)
third cycle is dropped

permutation in canonical form: (5 8 6 7)(1 2 3 4).

The next problem to arise prior to programming was the

programming language. The authors wanted a portable, executable

code, i.e., portable without recompiling for different personal

computers (pcs) using different versions of MS-DOS. We chose the

"C" language. The particular compiler is Turbo C (3]. The

executable code works on various pcs made by Zenith and IBM.
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These machines use MS-DOS version 2.0 through 3.3 with different

designs of hardware, i.e., processors 8086, 80286, and 80386.

Implementation of the above decisions into code could now

proceed. For speed and efficiency, the code and corresponding

data space was left in memory until the program completely

generated the elements and subgroups of a group. At that time,

the data was written to disk under filenames generated by the

computer using information that the user supplied. Also, the

user was given the option to print the data. These design

decisions drove the physical limitations of the program.

An early concern was how best to store the permutation data.

We decided that the user would only see nonnegative numbers

within the permutations, i.e., (1 2 3 4). We also decided to

take advantage of C's extensive character manipulation library.

Therefore, all numerical values entered or generated are

converted to characters. This saves space, since numerical

values require two (2) bytes, and characters require only one (1)

byte.

The above design decisions limited the number of numerical

values within a permutation to 256, that is, the numbers 0
4

through 255. However, zero (0) could not be used since it is the

terminating character of the character string in C. Also, the

numerical values 128 through 255, when converted to characters,

have the first bit of the character byte turned on. This is

significant because the first bit is propagated through the

second byte when converting back to numerical values, yielding
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negative numbers for printout. Thus, the numerical values 1

through 127 are the only values that qualify.

Next, the authors decided on the number of elements and

subgroups that the system could generate and place in storage.

If all the 127 numbers are used, the largest permutation possible

takes 190 characters to express. Consider for example, the

problem of storing the elements of the dihedral groups D(127).

Since the order of D(127) is 254, we needed a storage matrix of

size 48k (254 x 190), where k stands for kilobytes.. Considering

other matrices we also needed to use and the limits on data

storage for any module of a C program, we decided to limit the

number of elements to 200. The final size of the element matrix

is 203 by 155, which uses 32k of storage. The extra three rows

are used for system space.

Each row of the subgroup matrix must contain at least the

numeric names of all the elements possible in the group. This

value is 203. The number of possible subgroups capable of being

produced by the system is limited by available space in the

common storage area. The common storage area allows only 64k.

Since other variables also need to be kepted in common storage,

we gave the subgroup matr.x dimensions of 273 by 203, requiring

56k.

Except for some other minor considerations, the system was

ready to be written. The authors decided that the user should

have a definitive reason to do everything. This means that the

system would not only be menu driven, but that every action would
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require at least two key strokes; that is, an option keystroke

and pressing ENTER to confirm the option. This allows the user

to correct a mistake before the system starts working.

To start the system, the user loads the program in the

current drive (drive A or B), and then types in ABSALGS. The

first menu that the user sees when running the system is the

Permutation Program Main Menu noted below.

PERMUTATION PROGRAM MAIN MENU

Option 1 - Group Generation

Option 2 - Print a Generated Group

Option 3 - Exit Program

Enter Option and Press Enter:

This menu allows the user to choose group generation, a

print function, or to exit. Let us say the user chooses to

generate a group. The menu then displayed is the Grolp Generation

Menu.

GROUP GENERATION MENU

Option 1 for DIHEDRAL GROUPS

Option 2 for CYCLIC GROUPS

Option 3 for ABELIAN GROUPS

Option 4 for UNKNOWN GROUPS

Option 5 for EXIT PROGRAM

Enter Option and press ENTER:

If the user chooses options 1 or 2 the following directions are

respectively displayed.
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DIRECTIONS:

Enter the number of the Dihedral Group

after the 'DI and press ENTER

To exit just press ENTER

D

DIRECTIONS:

Enter the number of the Cyclic Group

after the 'C' and press ENTER

To exit just press ENTER

C

Enter the number of the group you wish generated, press

"ENTER" and the system will display the generating elements.

When the system completes the group it will write it to the same

drive that was used to start the system. The system will then

give the user the option to print the group either to screen or

printer. If this option is chosen, the system will perform the

requested task, and then ask the user to press "ENTER" to

continue. This action will return the user to the directions of

either option 1 or 2 respectively. The directions may be exited

by pressing "ENTER" without entering a numerical value. This

action returns the user to the Group Generation Menu.

Options 3 and 4 of the Group Generation Menu are also easy
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to use. Suppose you choose option 4. The following directions

are presented:

DIRECTIONS:

When prompted with a '*', enter a permutation

in cycle notation. Use '()' as delimiters.

Enter only integer values (i) in the range

0 < i < 128. Place a space between each i,

For Example: (1 34 5) (23 127 2).

A PERMUTATION MAY ONLY BE 80 CHARACTERS LONG.
NOTE: A GROUP MAY HAVE A TOTAL OF 128 ELEMENTS.

Press ENTER when the permutation is complete.
To end entry press ENTER with a null input.

"To end entry press ENTER with a null input.", allows you to

either exit the option before entering any permutations, or start

the group generation process after one or more permutations are

entered.

Suppose you enter the following permutation:

(1 3 6 7)(2 3 4)(1 5 4)(6 1 4 5)(2 7 6 1 5).

Using this permutation, the following demonstrates the

systems internal formatting capabilities. Two lines describe the

entered permutation. The first line is in ASCII notation. The

second line is the equivalent hexadecimal notation. The above

permutation converts in the following way:

( 1 3 6 7 ) ( 2 3 4 ( 5 4)
28 31 33 36 37 29 28 32 33 34 29 28 31 35 34 29

( 6 1 4 5 ) ( 2 7 6 1 5 ) 0
28 36 31 34 35 29 28 32 37 36 31 35 29 00
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The terminating zero is added by the standard C programming

library input function "get string" (gets( )). Now the internal

formatting begins. First the right parentheses are dropped.

(1 3 6 7 (2 3 4 (1 5 4
28 31 33 36 37 28 32 33 34 28 31 35 34

(6 1 4 5 (2 7 6 1 5 0
28 36 31 34 35 28 32 37 36 31 35 00

Second, all left parentheses are converted to 255.

255 1 3 6 7 255 2 3 4 255 1 5 4
ff 31 33 36 37 ff 32 33 34 ff 31 35 34

255 6 1 4 5 255 2 7 6 1 5 0
ff 36 31 34 35 ff 32 37 36 31 35 00

Next, the value of each integer is converted from a string

character to a numeric value, insuring each value is between 0

and 128 exclusive. It is then stored in a single character byte,

which has a new hexadecimal notation.

255 1 3 6 7 255 2 3 4 255 1 5 4
ff 01 03 06 07 ff 02 03 04 ff 01 05 04

255 6 1 4 5 255 2 7 6 1 5 0
ff 06 01 04 05 ff 02 07 06 01 05 00

The above new permutation representation is the format that

is passed from the Internal Formatter to the Multiplier. The

Multiplier reduces the permutation to a product of disjoint

cycles. The algorithm for the Multiplier is in Knuth [2].

To illustrate the steps of the Multiplier consider the

permutation used above in the demonstration of the Internal

Formatter function. For simplification, we select a starting

point that demonstrates all the checks of the Multiplier. Assume
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the following conditions: a "U" shows which elements in the

collection of cycles have already been traced through the cycles

and recorded in a new permutation called the answer permutation.

Note: the 255 in the answer permutation is a left parenthesis,

not an element that was traced through the cycles and recorded.

U U U U
255 1 3 6 7 255 2 3 4 255 1 5 4
ff 01 03 06 07 ff 02 03 04 ff 01 05 04

U U U
255 6 1 4 5 255 2 7 6 1 5 0
ff 06 01 04 05 ff 02 07 06 01 05 00

Answer permutation is

255 1 4
ff 01 04

Holding a pointer at the first four in the permutation being

multiplied and going from left to right, one can find the element

that the four is mapped onto. Scanning the permutation, we find

that the first element after the four is a left parenthesis, or

255. Thus in this cycle, the four maps onto the first element in

the cycle, or two. Starting with the two, scan the permutation

for the next occurrence of two. It occurs in the last cycle. In

the last cycle, two is mapped onto seven. Starting with the

seven, scan the permutation for the next occurrence of the seven

without going past the zero at the end of the permutation. Since

another seven does not occur before the end of the permutation,

seven is where the four maps to in the answer permutation. Mark
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all occurrences of seven with a "U". What we have now is:

U U U U U
255 1 3 6 7 255 2 3 4 255 1 5 4
ff 01 03 06 07 ff 02 03 04 ff 01 05 04

U U U U
255 6 1 4 5 255 2 7 6 1 5 0
ff 06 01 04 05 ff 02 07 06 01 05 00

and the answer permutation is now:

255 1 4 7
ff 01 04 07

Holding a pointer at the first seven in the permutation

being multiplied and going from left to right, one can find the

element the seven is mapped onto. Scanning the permutation, we

find that the first element after the seven is a left

parenthesis, or 255. In this cycle, the seven maps onto the

first element in the cycle, or one. Starting with the one, we

scan the permutation for the next occurrence of one. It occurs

in the third cycle. In the third cycle, one is mapped onto five.

Starting with the five, scan the permutation for the next

occurrence of five. It occurs in the fourth cycle. In the

fourth cycle, the element following the five is a left

parenthesis, or 255, therefore the five maps onto the first

element in the fourth cycle, or six. Starting with the six, we

scan the permutation for the next occurrence of six. It occurs in

the fifth cycle. In the fifth cycle, the six maps onto one.

Starting with the one, scan the permutation without going past

the zero at the end of the permutation. Since another one does

not occur before the end of the permutation, one is where the

seven will map onto in the answer permutation. But one has
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already been used, therefore a cycle is closed in the answer

permutation by putting a 255 (left parenthesis) as a cycle

delimiter. We now have:

U U U U U
255 1 3 6 7 255 2 3 4 255 1 5 4
ff 01 03 06 07 ff 02 03 04 ff 01 05 04

U U U U
255 6 1 4 5 255 2 7 6 1 5 0
ff 06 01 04 05 ff 02 07 06 01 05 00

and the answer permutation is:

255 1 4 7 255
ff 01 04 07 ff

Going from left to right, we find the first element not

used, that is, the first element that does not have a "U" above

it, and start the process all over again. When all elements have

been used, the Multiplier terminates by putting a terminating

zero (0) in place of the trailing 255. The answer permutation

is:

255 1 4 7 255 3 5 2 255 6 0
ff 01 04 07 ff 03 05 02 ff 06 00

The input permutation passed to the Multiplier had five

cycles and twenty-five characters. After completion of the

Multiplier, the input permutation was reduced to three cycles and

eleven characters.

Notice that the last cycle is a singleton cycle. A

subroutine called Singleton Remover was developed to remove these

unnecessary and space wasting singletons. Passing through

Singleton Remover, our permutation is reduced to two cycles and
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nine characters as follows:

255 1 4 7 255 3 5 2 0
ff 01 04 07 ff 03 05 02 00

The above is our original permutation represented in its

most compact form. However, it is not unique. For instance the

following two permutations also represent the same permutation:

255 7 1 4 255 5 2 3 0
ff 07 01 04 ff 05 02 03 00

255 4 7 1 255 2 3 5 0
ff 04 07 01 ff 02 03 05 00

The canonical form discussed earlier must now be used. A

separate program was developed to perform this action. The final

form of our original permutation is

255 2 3 5 255 1 4 7 0
ff 02 03 05 ff 01 04 07 00

The final action in the internal formatting process is to

insure that the permutation, now in canonical form, does not

exist on the element table. If it does exist, an appropriate

message is returned to the user. If it does not exist, then the

system echoes this permutation to the user and configures itself

to accept another permutation. It is interesting to note that

the entire internal formatting process for the largest possible

permutation entered requires less than two seconds.

The system allows the user to enter up to seven different

permutations as group generating elements. Once the user decides

on the number of permutations to input and does so, he then

presses "ENTER" with a null input. The system will then generate

0
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the group, that is, all the elements and subgroups that are

possible from the entered permutations.

When the system completes the group generation process it

will prompt the user for an identifying name. This name may be

up to seven characters long. It will be concatenated with E.DAT

for the elements and S.DAT for the subgroups. The files are

created and the data recorded.

With one small exception, the system then follows the same

procedure that was explained for options 1 and 2 of the Group

Generation Menu. When the system requests you to press "ENTER"

to continue, the system returns to the Group Generation Menu.

Below is the group generated by

(1 3 6 7)(2 3 4)(1 5 4)(6 1 4 5)(2 7 6 1 5)

The elements are the following:

eo is the identity element

el = 2 3 5 (1 4 7

e2 = ( 2 5 3 ) 1 7 4

The subgroups are the following:

SO is the null subgroup

S1 = ( eO el e2 )

The above was a very quick walk-through of the group

generation options of the system. We will now investigate the

print options.

The user starts the system and chooses the Print Menu
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option. The system displays the Print Menu to the user.

PRINT MENU

Option 1 for DIHEDRAL GROUPS

Option 2 for CYCLIC GROUPS

Option 3 for ABELIAN GROUPS

Option 4 for UNKNOWN GROUPS

Option 5 EXIT PROGRAM

Enter Option and press ENTER:

If the user chooses either option 1 or 2 the following

instructions are displayed respectively:

DIRECTIONS:

Enter the number of the Dihedral Group

after the 'D' and press ENTER

To exit just press ENTER

D

DIRECTIONS:

Enter the number of the Cyclic Group

after the 'C' and press ENTER

To exit just press ENTER

C

The user must enter the number of a group for which data

exists. This may be one of twenty groups that are dihedral or

cyclic of the forty non-isomorphic groups in the data base. It

may also be the number of a dihedral or cyclic group that the

user generated under the Group Generation option of the Main

Menu.
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If the data does not exist the system will immediately

terminate and put the user at the DOS prompt. Once the system

reads the data off the disk the following self-explanatory

instructions are displayed:

SELECT OUTPUT METHOD

p for PRINTER

s for SCREEN

Enter choice and press ENTER:

Suppose the user was in option I and wished to print to the

screen Dihedral Group 3, the following is what the user would

see:

The elements are the following:

eo is the identity element
el = (1 2 3
e2 = ( 2 3
e3 = (1 32
e4 = (1 3
e5 = (1 2

The subgroups are the following:

So is the null subgroup
S1 = ( eO e2
S2 = ( eO e4
S3 = ( eO e5
S4 = ( eO el e3
S5 = ( eO el e2 e3 e4 e5

Press ENTER to continue:

Once the data is written either to the screen or the

printer, the system will request the user to press ENTER to

continue. This action will display the directions for option 1,

if the group last printed was a dihedral group, or 2, if the
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group last printed was a cyclic group. From here the user may

print another dihedral or cyclic group or exit to the Print Menu.

Suppose our user exits to the Print Menu and then chooses

option 3 (abelian option) or 4 (unknown option). The following

directions will be presented respectively:

DIRECTIONS:

Enter the first seven characters of

the Abelian group file name after

the e*1 and press ENTER.

To exit just press ENTER.

,

DIRECTIONS:

Enter the first seven characters of

the unknown group file name after

the 1*' and press ENTER.

To exit just pres ENTER.

At this juncture the user must know the filename. Under

option 4, unknown group, it may be any name that exists, either

generated by the user using the Group Generation option of the

Main Menu or one of the forty groups that are in the system's

data base. For option 3, abelian group, only the filename of an

abelian group that exists should be entered. It may be either

user generated, or one of the forty groups in the system data

base that is abelian and non-cyclic. Up to seven characters may

be typed in. The E.DAT or S.DAT that is attached to all data

files when they are created is not entered, they are generated by
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the computer. From this point the same directions appear as in

option 1 or 2 with one small difference. When the user is asked

to press "ENTER" to continue, the system returns to the Print

Menu.

For a demonstration, suppose the user was in the Unknown

Group Option and wished to print the group structure known as the

Klein 4-group. The filenames for this group are KLEIN4E.DAT and

KLEIN4S.DAT. The user would enter klein4 in lowercase letters.

By following the simple directions, the following would be

printed to screen:

The elements are the following:

eo is the identity element
el= ( 3 4 ) ( 1 2
e2 = ( 2 3 ) ( 1 4
e3 =(24) ( 1 3

The subgroups are the following:

So is the null subgroup
Sl = ( eO el
S2 = ( eO e2
S3 = ( eO e3
S4 = ( eO el e2 e3

Press ENTER to continue:

When the user presses "ENTER" to continue, the system

returns him to option 4 (unknown option).

This chapter has highlighted the major functions and

capabilities of the abstract algebra programming system ABSALGS.

We have included two appendices to assist those readers wishing

to delve deeper into the programming itself. Appendix B simply

lists the names of all the programs within the system with a

18



short description of each. Appendix C contains the actual

programs.
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Chapter XI

We tested the algebra programming system ABSALGS by

developing a data base of the forty non-isomorphic groups of

order three to sixteen, hereafter referred to as the System Data

Base. In what follows, each of the four generating options are

addressed in a similar fashion. First, the type of group or

groups are formally defined. Second, if possible, a practical

interpretation of the definition is given with an example.

Third, a table or explanation of generating times is presented.

Finally, we offer a table or explanation of the number of

subgroups of each group. The reader should also note that

appendix A contains all the data in the System Data Base, ordered

on the size of the group within each type of group.

To test the system fully, every option of the group

generation process needs to be exercised. Scanning the group

generation menu there are four selections to test, that is,

dihedral, cyclic, abelian, and unknown.

The Dihedral Option:

The dihedral groups are defined formally in the following

manner: For an integer n, an element of the natural numbers,

such that two is less than or equal to n, let D(n) equal the set

G of elements X and Y, such that, X^^n equals 1, Y- 2 equals 1,

and (XY)"^2 = 1, that is,

D(n) = G( X, Y/ X^^n = 1, Y-2 = 1, (XY)-^2 = 1).

20



Although this is a good abstract definition which, with enough

multiplications, will generate a group table, a more practical

definition of dihedral groups is possible. Indeed, the nth

dihedral group D(n) may be thought of as the group of symmetries

of the regular n-gon. For example, the dihedral group D(4) may

be interpreted as the symmetries of the square. Here the

symmetries refers to those rotations, mirror images in

perpendicular bisectors of sides, and diagonal flips that bring

the figure back onto itself.

When generating the permutations for D(n), it is convenient

to think of a n-gon with a natural number associated with each

corner, that is, the point of intersection of two sides. The

figure below will be an aid in the comprehension of permutation

generation for D(4).

1 2

4 3

Assume that the square in the above figure is in its

identity position; then one clockwise rotation would produce

(1 2 3 4) as a permutation in cycle notation. That is to say,

one is mapped onto two's position, two is mapped onto three's

position, three is mapped onto four's position, and four is

mapped onto one's position. One more clockwise rotation would

produce (1 3)(2 4) as a permutation. The next two clockwise

rotations would produce (1 4 3 2) and (1)(2)(3)(4) respectively.
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Again, if it is assumed that the above figure is in its identity

position, then one mirror image in the perpendicular bisector of

sides 1-2 and 3-4 would produce the permutation (1 2)(3 4). One

more mirror image in the perpendicular bisector of the sides 1-2

and 3-4 would return the square to the identity position.

Similarly, a diagonal flip using the diagonal that joins 2 to 4

would produce the permutation (1 3). One more diagonal flip

using the same diagonal would result in the square returning to

its identity position. Continuing in this manner, a total of

eight permutations may be generated.

This method illustrates the way a human might attempt to

find all the elements of a dihedral group. For a program on a

computer to generate the elements a more general method is

needed. The following generates the dihedral group D(n) on a

computer using cyclic notation:

1 2 3 4 5 . . . n ) and

(1 n )( 2 (n - 1) )(3 (n - 2))...( m (m + 1))

for n even, and by the permutations

( 1 2 3 4 5 . . . n ) and

(2 n )( 3 (n - 1) )(4 (n - 2))...( m (m + 1))

for n odd.

The dihedral section of the program will only work for n

greater than two. It is interesting to note that a dihedral

group has twice as many elements as its associated value of n,

for instance D(8) has sixteen elements. Thus it is easy to see

that the dihedral groups in System Data Base are D(3), D(4),
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D(5), D(6), D(7), and D(8). Below is a chart indicating the

amount of computer time in seconds it took to generate each

dihedral group.

DIHEDRAL GROUP TIME

D(3) 1.76

D(4) 3.92

D(5) 5.99

D(6) 22.92

D(7) 20.27

D(8) 63.04

The following is a table of the number of subgroups by order

for each of the dihedral groups. It does not include the group

itself.

DIHEDRAL SUBGROUP

GROUP ORDER TOTAL

1 2 3 4 5 6 7 8

D(3) 1 3 1 5

D(4) 1 5 3 8

D(5) 1 5 1 7

D(6) 1 7 1 3 3 15

D(7) 1 7 1 9

D(8) 1 9 5 3 18

This concludes our discussion of the dihedral groups. We

now turn our attention to the cyclic groups.
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The Cyclic Option:

The cyclic groups are formally defined by: For an integer n,

an element of the natural numbers, such that 2 is less than or

equal to n, let C(n) equal the set G of elements X, such that

X ^n equals 1, that is,

C(n) = G(X/ X^^n = 1).

Again this is a good abstract definition. However, there is

a more practical interpretation. You may already have noticed

that the above definition is the first part of the definition for

dihedral groups. We may think of a cyclic group as nothing more

than the rotations of the regular n-gon. For example, C(4) has

elements (1 2 3 4), (1 3)(2 4), (1 4 3 2), and (1)(2)(3)(4).

These are the first four elements of D(4).

The above method represents one way a person might generate

a cyclic group. However, for a computer, all we need is one

generating element in permutation form. The cyclic group C(n)

may be generated on a computer with the permutation

(1 2 3 4 . . . . n).

As you may have guessed, a cyclic group has as many elements

as its associated n. For example, C(5) has five elements. For

the purpose of the program, n must be greater than two to use the

cyclic option of the menu. Fourteen groups in the System Data

Base are cyclic groups. C(16) took approximately five seconds to

produce, and is the largest cyclic group generated for our test.
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C(3) through C(15) each required less than five seconds to

produce.

The cyclic groups have one subgroup for each integer value

that divides the order of the group. This means that C(16) has

five subgroups: the identity, the group itself, the subgroup of

order two, the subgroup of order four, and the subgroup of order

eight. Similarly, the subgroups of the other cyclic groups from

order three to sixteen are easily produced.

We next turn our attention to the abelian groups, which are

closely related to the cyclic groups.

The Abelian Option:

By the Fundamental Theorem of Finitely Generated Abelian

Groups, every finitely generated abelian group G is isomorphic to

a direct product of cyclic groups of the form

1. Z(p(l)^^r(l)] x Z[p(2)--r(2)] x ... x Z[p(n)--r(n)] x Z

X...x Z

where the p(i) are primes, not necessarily distinct, and also of

the form

2. Z[m(l)] x Z[m(2)] x ... x Z[m(n)] x Z x ... x Z

where m(i) divides m(i+l) [1].

There are eight abelian groups in the above formats that are

part of the System Data Base. The following table gives the
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traditional name, the name given as a filename in the System Data

Base, and the time in seconds it took to generate each group.

TRADITIONAL FILENAME TIME

Z(2)xZ(2)xZ(2) a2a2a2 12.74

Z(2)xZ(4) a4xa2 3.10

Z(3)xZ(3) a3xa3 2.97

Z(2)xZ(6) a6xa2 14.98

Z(2)xZ(8) a2x8 31.45

Z(4)xZ(4) a4x4 34.85

Z(2)xZ(2)xZ(4) a2x2x4 150.28

Z(2)xZ(2)xZ(2)xZ(2) a22x22 609.58

NOTE: For the rest of this paper the filenames will be used to

reference the different groups.
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The following table gives us an idea how the subgroups break

down for the eight abelian groups. It does not include the group

itself.

GROUP NAME SUBGROUP ORDER TOTAL

1 2 3 4 6 8

a2a2a2 1 7 7 15

a4xa2 1 3 3 7

a3xa3 1 4 5

a6xa2 1 3 1 1 3 9

a2x8 1 3 3 3 10

a4x4 1 3 7 3 14

a2x2x4 1 7 11 7 26

a22x22 1 15 35 15 66

The Unknown Option:

For this option, the filenames used help identify the group

structure. In some cases, the group structure is quite well-

known, even to the casual algebra student. One easy example being

the Klein 4-group. In other cases, the group structure and

generating elements are harder to identify. The groups will be

listed in group order from lowest to highest. Where there are

several groups of the same order, the authors randomly chose

their listing.
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Besides C(4), the Klein 4-group is the only other order four

group known to exist. It is isomorphic to the dihedral group

D(2), but cannot be formed in the same manner as other dihedral

groups.

The Quaternion group of order eight forms a skew field under

addition and multiplication. The group (q4) is defined by:

q4 = { X, Y / X-4 = 1, Y--2 = X^^2, YX = X-^3Y ).

The subgroup of the symmetric group on four letters is

called the alternating group (alt4) on four letters. The number

of elements is four factorial divided by two.

The group s3xz2 is the group formed by a direct product of

the symmetric group on three letters, which is isomorphic to the

dihedral group D(3), and Z(2), the integers under addition modulo

two.

The semidihedral group sd2z8z2 which is isomorphic to one

semidirect product of Z(8) X Z(2), is defined in the following

manner:

sd2z8z2 = G( X, Y / X-8 = 1, Y-2 = 1, and YX = (X^"3)Y }.

The group sdlz8z2 is isomorphic to a different semidirect

product of Z(8) X Z(2). It is defined in the following manner:

sdlz8z2 = G( X, Y / X-8 = 1, Y-2 = 1, and YX = (X^5)Y).

The generalized quaternions of order sixteen (q8) are

defined by:

q8 = G( X, Y/ X^^8 = 1, Y-2 = X-4, YX = (X^^7)Y }.
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The direct product of the quaternions of order eight and the

integers under addition modulo two, that is, Q(4) X Z(2), is a

group of order sixteen. It is named q4xz2.

The direct product of the dihedral group D(4) and the

integers under addition modulo two, that is, D(4) X Z(2), is

named d4xz2.

The group q4xz4 is isomorphic to a subgroup of the direct

product of the quaternions of order eight, and the integers under

addition modulo four, that is, Q(4) X Z(4). It is defined by:

q4xz4 = ( X, Y/ X-4 = 1, Y-4 = 1, YX = (X^^3)Y ).

The group wpd4z4 is isomorphic to a subgroup of the wreath

product of the dihedral group D(4) and the integers under

addition modulo four. It is defined in the following manner:

wpd4z4 = { X, Y, Z/ X-4 = 1, Y-2 = 1, Z-2 = 1,
ZYZ(X"^2)Y = 1, YXYX"^-l = 1, and ZXZX^^-1 = 1).

The group dpd4d4 is isomorphic to a subgroup of the direct

product of the dihedral group D(4) and D(4). It is defined in

the following manner:

dpd4d4 = ( X, Y/ X-4 = 1, Y-4 = 1, (XY)"'2 = 1,
((X"-1)Y)--2 = :L .
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The table below gives the run times in seconds for each of

the unknown groups.

GROUP NAME TIME

klein4 .81

q4 4.04

alt4 9.34

s3xz2 26.78

sd2z8z2 122.23

sdlz8z2 69.59

q8 88.13

q4xz2 188.52

d4xz2 187.59

q4xz4 111.98

wpd4z4 525.62

dpd4d4 163.63
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The following table gives the subgroup structure of the

unknown groups. It does not include the group itself.

GROUP NAME SUBGROUP ORDER TOTAL

1 2 3 4 6 8

klein4 1 3 4

q4 1 1 3 5

alt4 1 3 4 1 9

s3xz2 1 7 1 3 3 15

sd2z8z2 1 5 5 3 14

sdlz8z2 1 j 3 3 10

q8 L 1 5 3 10

q4xz2 1 3 7 7 18

d4xzA 1 11 15 7 34

q4xz4 1 3 7 3 14

wpd4z4 1 7 7 7 22

dpd4d4 1 7 9 3 20

Generating the last twelve groups in our System Data Base in

the unknown option completed the formal testing of the system.

Other tests were performed, such as: generating the dihedral

groups up to order 94; however, this is beyond the scope of this

paper. If the reader wishes to investigate these findings,

please refer to the Air Force Technical Report "A Number-

Theoretic Approach to Subgroups of Dihedral Groups" by the same

authors (4].
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Chapter III

Examples are an indispensable part of a mathematician's

research. Only after a thorough examination of numerous

examples, should a mathematician attempt to formulate their

common properties into a theorem. Then and only then does the

mathematician undertake to prove the theorem.

An instructor teaching group theory is always searching for

examples to help clarify and justify the explanation of theorems

and definitions, and the student, at any level, always needs

examples to elucidate the subject at hand.

Another role for an example is its use as a counterexample.

Many apparent theorems or conjectures have been proved wrong by a

simple counterexample. For instance, a well-known theorem states

that every subgroup of an abelian group is a normal subgroup.

However, its converse, if every subgroup of a group is normal,

then the group is abelian, is not true. The quaternion group of

order eight has all subgroups normal but is definitely not

abelian. Thus, by a simple counterexample a possible theorem is

disproved.

From the above, it is easy to see why examples play such an

important role in the study of group theory. To this end,

Weinstein (5) has written a book devoted entirely to examples in

group theory. His book is quite comprehensive, providing

examples to illustrate various group-theoretical concepts, and

presenting some very important counterexamples.
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In this chapter, the authors develop several examples from

the data generated by the abstract algebra programming system

presented in chapter two. Since, these examples are just the tip

of the iceberg, instructors should u.: . the system to develop more

in-depth ideas and examples.

Isomorphism is a fundamental, but crucial idea of abstract

algebra. The beginning student generally finds the concept of

isomorphism difficult at best. To strengthen their understanding

of isomorphism, an instructor may wish to have students develop

both an example and a counterexample. An exercise given to a

student using this program might be to generate Z(5)xZ(2) and

determine if an isomorphic mapping is possible with C(10). Also,

using the data that already exists, a student could demonstrate

why q8 and sdlz8z2 or q4xz4 and sd2z8z2 are not isomorphic.

Another concept that could possibly be reinforced by this

system is coset theory. As an exercise, a student could be asked

to pick any of the order sixteen groups, determine a right coset,

and then prove that it is also a left coset. This exercise

requires a host of activities that this system can perform, such

as developing all the elements and subgroups of a group.

The idea of cosets leads naturally to the notion of a factor

group. Fraleigh (1] defines a factor group in the following way:

If N is a normal subgroup of a group G, the group cosets of

N under the induced operation is the factor group of G modulo N,
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and is denoted G/N. The cosets are the residue classes of G

modulo N.

An easy exercise to assign a student would be to find the

normal subgroups of a group. A team project might be to develop

the programs to print out the normal subgroups of the groups in

the System Data Base (this requires only three short modules of

fifty to sixty lines each [6]) .

A fourth example for the use of this program in the

classroom are the Sylow Theorems. One must remember that the

Sylow Theorems deal with finite groups. The first Sylow Theorem

states that for any prime dividing the order of the group there

exist a subgroup of that order. Since we have a data base of

forty non-isomorphic groups it would be an easy task for the

student to find the subgroups that have a prime order. Then

using the third Sylow Theorem, show how many Sylow p-subgroups

exist of that order.

Finally, given this programming system, a student might well

venture out into the realms of finite group theory and discover a

host of interesting topics. Hopefully he will ask questions of

his instructor and start down the long road of self-study that

leads to mathematical maturity.
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DIHEDRAL GROUP D(3)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2 3
e2 = C 2 3 )
e3 = C 1 3 2
e4 C 1. 3
e5 = C 1 2

The subgroups are the following:

sO is the null subgroup
S1 = C eO e2 I
S2 = C e0 .4 1
S3 = C eQ .5 1
S4 = eO el e3 I
S5 = (eO el e2 e3 e4 e5 1
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DIHEDRAL GROUP D(4)

The ELEMENTS are the following:

e0 is the identity element
el = 1 2 3 4)
e2 ( 2 3 ) ( 1 4
e3 = ( 2 4 )( 1 3
e4 = (14 3 2
e5 ( 1 3
e6 = ( 2 4
e7 = ( 3 4 )( 1 2

The subgroups are the following:

SO is the null subgroup
S1 = (eO e2 1
S2 = ( e0 e3 I
S3 = (eO e5 1
S4 = ( eO e6 I
S5 = iTeO e7 I
S6 = ( eO el e3 e4 I
S7 = ( e .2 e3 e7 1
S8 = ( e .3 e5 e6 1
S9 = ( eO el e2 e3 e4 e5 e6 e7 I
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DIHEDRAL GROUP D(5)

The ELEMENTS are the following:

eO is the identity element
el =  1 2 3 4 5
e2 ( 3 4 ) ( 2 5
e3 =( 1 3 5 2 4
e4 = (1 4 2 5 3)
e5 = 1 5 4 3 2
e6 = 2 4 ) 1 5
e7 = (3 5 )(1 2)
e8 --= 2 3 1 ( 4

eg = ( 4 5 )( 1 3 )

The subgroups are the following:

SO is the null subgroup
S1 = ( eO e2 I
S2 = ( eO e6 1
S3 =( eO e7 J
S4 = (eO e8 }
S5 = ( e0 eg 1
S6 = ( e l ei e3 e4 e5 }
S7 = e0 el e2 e3 e4 e5 e6 e7 e8 eg
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DIHEDRAL GROUP D(G)

The ELEMENTS are the following:

eO is the identity element
el = 1 1 2 3 4 5 6 )
e2 = 3 4 ) ( 2 5 ) ( 1 6 )
e3 = ( 2 4 6 )( 1 3 5 )
e4 = ( 3.6 ) ( 2 5 ) ( 1 4 )
e5 = 2 6 4 )( 1 5 3
e6 = ( 1 6 5 4 3 2
e7 = ( 2 4 ) 1 5
e8 = ( 3 5 ) 2 6 )
e9 = C 5 6 ) 2 3 ) 1 4
el0 = C 4 5 ) ( 3 6 ) C 1 2
ell = ( 4 6 )( 1 3

The subgroups are the following:

SO is the null subgroup
Si = ( e0 e2 I
S2 = { eO e4 1
S3 = ( e0 e7 1
S4 = e e0 e8 I
S5 = e eO eg 1
S6 = 6 *0 elO
S7 = ( eO .11 }
S8 = { e .3 e5 1
S9 = (eO e2 e4 ell 1
SI0 = e 0 .4 e7 el0 1
Sl = e 0 .4 e8 eQ 1
S12 = e el e3 e4 e5 e6 }
S13 = C e0 .2 e3 e5 eg .10 1
S14 = e e0 e3 e5 e7 e8 ell 1
S15 = e el e2 e3 e4 e5 e6 e7 e8 eg elO ell }
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DIHEDRAL GROUP D(7)

The ELEMENTS are the following:

eO is the identity element
el =( 1 2 3 4 5 6 7 )
e2 = ( 4 5 )( 3 6 )( 2 7
e3 = ( 1 3 5 7 2 4 8
e4 = ( 1. 4 7 3 6 2 5
e5 = ( 1 5 2 6 3 7 4
e6 = (1 6 4 2 7 5 3)
e7 =( 1 7 6 5 4 3 2
e8 - ( 3 5 ) ( 2 6 ) ( 1 7 )
eg = ( 4 6 ) 3 7 )H 1 2
elO = ( 3 4 )( 2 5 )( 1 6 )
ell = ( 5 6 )( 4 7 )( 1 3
e12 = ( 6 7 ) C 2 4 ) 1 1 5
e13 = ( 5 7 ) C 2 3 ) ( 1 4

The subgroups are the following:

SO is the null subgroup
Sl = {eO e2 1
S2 = eO e8 1
S3 = eO eg 1
S4 = e0 el0 I
S5 = eO ell I
S6 = { eO .12 1
S7 = e e0 e13 1

8 = (eO el e3 e4 e5 e6 e7
SO = e .0 el e2 e3 e4 e5 e6 e7 e8 eg el0 ell e12 e13 1
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DIHEDRAL GROUP D(8)

The ELEMENTS are the following:

e0 is the identity element
el ( 1 2 3 4 5 6 7 8 )
e2 = ( 4 5 )( 3 6 )( 2 7 )( 1 8
e3 = C 2 4 6 8 ) ( 1 3 5 7
e4 = ( 1. 4 7 2 5 8 3 6 )
e5 = 4 8 ) ( 3 7 )( 2 6 )( 1 5 )
e6 = ( 1 6 3 8 5 2 7 4 )
e7 ( 2 8 8 4 )( 1 7 5 3 )
e8 a 1 8 7 6 5 4 3 2 )
e9 = ( 3 5 ) C 2 6 ) 1 1 7
elO ( 4 6 )( 3 7 )( 2 8
ell ( 7 8 )( 3 4 )( 2 5 )( 1 6
e12 = ( 5 8 ) C 4 7 ) ( 3 8 ) 1 1 2
e13 = ( 6 8 ) ( 2 4 ) 1 1 5
.14 ( 5 7 )( 4 8 )( 1 3
e15 = ( 6 7 ) C 5 8 ) C 2 3 ) C 1 4

The subgroups are the following:

SO is the null subgroup
tl = (eO e2 1
S2 = ( .0 e5 1
S3 = {eO eg 
34 = ( .0 .10 1
35 = ( e0 ell 1
S6 = e .0 e12 I
S7 = { e e13 1
S8 = ( eO e14 )
S9 - .0 .15 1
S1O = 9 .0 .3 e5 e7 1
S31 = e eO e2 e5 e15 I
S12 = { e0 e5 eg .14 1
313 = { e0 e5 el0 e13 }
S14 = e .0 e5 ell e12 1
S15 = 9 .0 el .3 e4 e5 e6 e7 e8 1
S16 = ( eO e2 e3 e5 e7 .11 e12 e15 }
S17 = ( e0 e3 e5 e7 eg el0 13 e14 }
S18 = e .0 el e2 e3 e4 e5 e e7 .8 eg el0 .11 .12 e13 e14
e15 1
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CYCLIC GROUP C(3)

The ELEMENTS are the following:

e0 is the identity element
el = ( 1 2 3 )
e2 = (1 3 2

The subgroups are the following:

SO is the null subgroup
Si l eO el e2
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CYCLIC GROUP C(4)

The ELEMENTS are the following:

.0 is the identity element
el = (1 2 3 4)
.2 = (2 4 ) ( 1 3
e3 x 1 4 3 2

The subgroups are the following:

SO is the null subgroup
Si = £eO .2 )
S2 a eO el .2 e3
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CYCLIC GROUP C(5)

The ELEMENTS are the following:

.0 is the identity element
el = C1 2 3 4 5
e2 = 1 3 5 2 4)
e3 = 14 2 53)
e4 = C1*5 43 2

The subgroups are the following:

SO is the null subgroup
Si = O el e0. 2 e3 e4
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CYCLIC GROUP C(6)

The ELEMENTS are the following:

e0 is the identity element
el = (1 2 3 4 5 6 )
e2 = 2 4 6 )( 1 3 5)
e3 = ( 3 6 )( 2 5 )( 1 4
e4 = C 2.6 4 )( 1 53 )
e5= ( 5 4 3 2)

The subgroups are the following:

SO is the null subgroup
Si = ( eO e3 )
S2 = ( .0 e2 e4 )
S3 z ( eO el e2 e3 e4 e5 )
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CYCLIC GROUP C (7)

The ELEMENTS are the following:

e0 is the identity element
el = (1 2 3 4 5 6 7)
e2 = (1 3 5 7 2 4 6
e3 = (1 4 7 3 6 2 5
e4 = 1. 5 2 6 3 7 4
e5 = (1 6 4 2 7 5 3
e6 = (1 7 6 5 4 3 2)

The subgroups are the following:

SO is the null subgroup
S1 (eO el e2 e3e4 e5 e6
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CYCLIC GROUP C(8)

The ELEMENTS are the following:

eO i the identity element
el ( 1 2 3 4 5 6 7 8 )
e2 ( 2 4 6 8 )( 1 3 5 7
e3 =  1 4 7 2 5 8 3 6 )
e4 ( 4. 8 ) ( 3 7 ) ( 2 6 ) 5 1 5
e5 =  1 6 3 8 5 2 7 4 )
e6 a 2 8 6 4 )( 1 7 5 3
e7 = 1 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
Si a eO e4 )
S2 = e0 e2 e4 e6 I
S3 = ( e0 el e2 e3 e4 e5 e6 e7 1
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CYCLIC GROUP C(9)

The ELEMENTS are the following:

eO is the identity element
el = (1 2 3 4 5 6 7 8 9)
e2 = ( 1 3 5 7 9 2 4 6 8
e3 = ( 3 6 9 ) ( 2 5 8 ) ( 1 4 7
e4 = ( 1. 5 9 4 8 3 7 2 6 )
e5 = ( 1 6 2 7 3 8 4 9 5 )
e6= ( 3 9 6 )( 2 8 5 )( 1 7 4
e7 ( 18 6 4 2 9 7 5 3)
e8 = ( 1 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
S1 = ( eO e3 e6 )
S2 = ( e l .1 e2 e3 e4 e5 e6 e7 e8 }
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CYCLIC GROUP C(10)

The ELEMENTS are the following:

eO is the identity element
el = 1 2 3 4 5 6 7 8 9 10
e2 = ( 2 4 6 8 10 )H 1 3 5 7 9

e3 = 1 1 4 7 10 3 6 9 2 5 8 )
e4 = ( 2 6 10 4 8 ) ( 1 5 9 3 7
e5 = ( 5 10 )( 4 9 )( 3 8 ) 2 7 )( 1 6
e6 = ( 2 8 4 10 6 ) ( 1 7 3 9 5 )

e7 = ( 1 8 5 2 9 6 3 10 7 4 )

e8 = ( 2 10 8 6 4 ) H 1 9 7 5 3

e9 = 1 10 9 8 7 6 5 4 3 2 )

The subgroups are the following:

SO is the null subgroup
SI ( e0 e5 )
S2 = e0 e2 e4 e6 e8 )
S3 =C e0 el e2 e3 e4 e5 e6 e7 e8.9
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CYCLIC GROUP C(11)

The ELEMENTS are the following:

eO is the identity element
el = (1 2 3 4 5 6 7 8 9 10 11)
e2 = ( 1 3 5 7 9 11 2 4 6 8 10 )
e3 = 1 4 7 10 2 5 8 11 3 6 9)
e4 = 1 '.5 9 2 6 10 3 7 11 4 8 )
e5 = (1 6 11 5 10 4 9 3 8 2 7)
e6 = ( 1 7 2 8 3 9 4 10 5 11 6
e7 = ( 1 8 4 11 7 3 10 6 2 9 5 )

e8 = ( 1 9 6 3 11 8 5 2 10 7 4

e9 = ( 1 10 8 6 4 2 11 9 7 5 3 )

e.O = ( 11 10 9 8 7 6 5 4 3 2)

The subgroups are the following:

SO is the null subgroup
S1 = ( e0 el e2 e3 e4 e5 e6 e7 e8 e9 .10 1
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CYCLIC GROUP C(12)

The ELEMENTS are the following:

e0 is the identity element
el * ( 1 2 3 4 5 6 7 8 9 10 11 12
e2 = C 2 4 6 8 10 12 )( 1 3 5 7 9 11
e3 = ( 3 6 9 12 )( 2 5 8 11 )( 1 4 7 10 )
e4 = C 4. 8 12 ) ( 3 7 11 )( 2 6 10 )( 1 5 9
e5 = 1 6 11 4 9 2 7 12 5 10 3 8 )
e6 = ( 6 12 )( 5 11 )( 4 10 )( 3 9 )( 2 8 )( 1 7
e7 = 1 1 8 3 10 5 12 7 2 9 4 11 6 )
e8 = ( 4 12 8 )( 3 11 7 )( 2 10 6 )( 1 9 5
eg = ( 3 12 9 6 )( 2 11 8 5 )( 1 10 7 4
el0 = ( 2 12 10 8 6 4 )( 1 11 9 7 5 3
e11 = ( 1 12 11 10 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
SI = ( e0 .6 )
S2 = e .0 e4 e8
S3 = ( e0 e3 e6 eQ 1
S4 = e .0 e2 e4 e6 e8 el0 1
S5 = C e0 el e2 e3 e4 e5 e6 e7 e8 eg el0 ell 1
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CYCLIC GROUP C(13)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2 3 4 5 6 7 8 9 10 11 12 13
e2 = ( 1 3 5 7 9 11 13 2 4 6 8 10 12 )
e3 = ( 1 4 7 10 13 3 6 9 12 2 5 8 11
e4 = ( 1. 5 9 13 4 8 12 3 7 11 2 6 10
e5 = ( 1 6 11 3 8 13 5 10 2 7 12 4 9 )
e6 = ( 1 7 13 6 12 5 11 4 10 3 9 2 8 )
e7 = ( 1 8 2 9 3 10 4 11 5 12 6 13 7
e8 = ( 1 9 4 12 7 2 10 5 13 8 3 11 6
e9 = ( 1 10 6 2 11 7 3 12 8 4 13 9 5
elO = C 1 11 8 5 2 12 9 6 3 13 10 7 4
ell = ( 1 12 10 8 6 4 2 13 11 9 7 5 3
e12 = ( 1 13 12 11 10 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
Si = ( e0 1 e2 e3 e4 e5 e6 e7 e8 eg el0 ell e12 1
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CYCLIC GROUP C(14)

The ELEMENTS are the following:

e0 is the identity element
el = ( 1 2 3 4 5 6 7 8 9 10 II 12 13 14 )
e2 a C 2 4 6 8 10 12 14 )( 1 3 5 7 9 11 13 )
e3 = ( 1 4 7 10 13 2 5 8 11 14 3 6 9 12 )
e4 2 ( 2.6 10 14 4 8 12 )( 1 5 9 13 3 7 11 )
&5 = ( 1 6 11 2 7 12 3 8 13 4 9 14 5 10 )
e6 = ( 2 8 14 6 12 4 10 )( 1 7 13 5 11 3 9
e7 = 7 14 ) H 6 13 ) ( 5 12 ) ( 4 11 ) ( 3 10 ) H 2 9 ) H 1 8
e8 = ( 2 10 4 12 6 14 8 )( 1 9 3 11 5 13 7
e9 = 1 10 5 14 9 4 13 8 3 12 7 2 11 6 )
el0 = C 2 12 8 4 14 10 6 )( 1 11 7 3 13 9 5
ell = (112 9 6 3 14 11 8 5 2 13 10 7 4 )
e12 = ( 2 14 12 10 8 8 4 )( 1 13 11 9 7 5 3 )
e13 = 1 1 14 13 12 11 10 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
Sl = ( eO e7 )
S2 = ( e0 e2 e4 e6 e8 e10 e12 I
S3 = ( el *1 e2 e3 e4 e5 e6 e7 e8 .9 el0 e11 .12 e13 I
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CYCLIC GROUP C(15)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
e2 = ( 1 3 5 7 9 11 13 15 2 4 6 8 10 12 14
e3 = ( 3 6 9 12 15 )( 2 5 8 11 14 )( 1 4 7 10 13
e4 = L 1 5 9 13 2 6 10 14 3 7 11 15 4 8 12 )
e5 = ( 5 10 15 )( 4 9 14 )( 3 8 13 )( 2 7 12 )( 1 6 11
e6 = ( 3 9 15 6 12 )( 2 8 14 5 11 )( 1 7 13 4 10
e7 = C 1 8 15 7 14 6 13 5 12 4 11 3 10 2 9 )
e8 = C 1 9 2 10 3 11 4 12 5 13 6 14 7 15 8
eg = ( 3 12 6 15 9 )( 2 11 5 14 8 )( 1 10 4 13 7
elO = ( 5 15 10 )( 4 14 9 )( 3 13 8 )( 2 12 7 )( 1 11 6
ell = C 1 12 8 4 15 11 7 3 14 10 6 2 13 9 5 )
e12 =( 3 15 12 9 6 )( 2 14 11 8 5 )( 1 13 10 7 4
e13 = ( 1 14 12 10 8 6 4 2 15 13 11 9 7 5 3
e14 = 1 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
S1 = {eO e5 elO )
S2 = e e0 e3 e6 eg e12 )
S3 = ( e0 e1 e2 e3 e4 e5 e6 e7 e8 eg .10 ell e12 e13 e14 I

55



CYCLIC GROUP C(16)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2 3 4 5 6 7 8 9 10 11 12 13 1A 15 16
e2 = ( 2 4 6 8 10 12 14 16 )( 1 3 5 7 9 11 13 15 )
e3 a 1 4 7 10 13 16 3 6 9 12 15 2 5 8 11 14 )
e4 = ( 4.8 12 16 )( 3 7 11 15 )( 2 6 10 14 )( 1 5 9 13
.5 = ( 1 6 11 16 5 10 15 4 9 14 3 8 13 2 7 12 )
e. " ( 2 8 14 4 10 16 8 12 )( 1 7 13 3 9 15 5 11 )
e7 ( 1 8 15 6 13 4 11 2 9 16 7 14 5 12 3 10 )
e8 = ( 8 16 )( 7 15 )( 6 14 )( 5 13 )( 4 12 )( 3 11 )( 2 10 )( 1 9 )
e9 = (1 10 3 12 5 14 7 16 9 2 11 4 13 6 15 8 )
.10 = ( 2 12 6 16 10 4 14 8 )( 1 11 5 15 9 3 13 7
ell = ( 1 12 7 2 13 8 3 14 9 4 15 10 5 16 11 6 )
e12 = ( 4 16 12 8 )( 3 15 11 7 )( 2 14 10 6 )( 1 13 9 5
e13 = ( 1 14 11 8 5 2 15 12 9 6 3 16 13 10 7 4 )
e14 = ( 2 16 14 12 10 8 6 4 )( 1 15 13 11 9 7 5 3
e15 = ( 1 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
SI = ( eO e8 )
S2 = ( e0 e4 e8 e12 )
S3 = ( e0 .2 e4 e6 e8 elO e12 e14 }
S4 = {eO el e2 e3 e4 e5 e6 e7 e8 e9 el0 ell e12 e13 e14
e15 )
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ABELIAN GROUP (a4xa2)

The ELEMENTS are the following:

e0 is the identity element
el = (1 2 3 4)
e2 = (5 8)
e3 = (2,4 )( 1 3)
e4 = 1*4 3 2 )
e5 = 5 6 ) 1 2 3 4 )
e6 =( 5 6 ) 2 4 )( 13 )
e7= ( 5 6 ) 1 4 3 2

The subgroups are the follcwing:

SO is the null subgroup
Si = ( e0 e2 1
S2 = ( e0 e3 1
S3 = ( e0 e6 )
S4 = e .0 el e3 .4 )
S5 = ( e0 e3 e5 e7 )
S6 = 9 .0 e2 e3 e6 )
S7 = { e0 el e2 e3 e4 e5 .6 e7 e
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ABELIAN GROUP (a2a2a2)

The ELEMENTS are the following:

e0 is the identity element
el ( 1 2 )
e2 ( 3 4
e3 = (5.6
e4 = ( 3 4 ) 1 2
e5 = ( 5 6 1 1 2
.6 = 5 6 )( 3 4
e7 = ( 5 6 )( 3 4 ) 1 2 )

The subgroups are the following:

SO is the null subgroup
Si = ( e0 el )
S2 = ( e0 e2 1
S3 = ( e e3 )
S4 = ( eO e4 1
S5 = ( e .5 1
S6 = { .0 e6 
S7 = (eO e7 1
S8 = {eO el e2 e4 1
S9 = (eO el e3 e5 1
SIO eO e2 e3 .6 )
SlI = & .0 e2 e5 e7 1
S12 e0 e3 e4 e7 1
S13 = ( e0 .4 e5 ad 1
S14 = e .0 el .8 .7 e
S15 = e .0 el e2 e3 e4 e5 e6 e7 1
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ABELIAN GROUP (a3xa3)

The ELEMENTS are the following:

eO is the identity element
el = (1 2 3
e2 = ( 456 )
e3 = (1,32)
e4 = 4 6 5)
e5 =( 4 5 6 )( 1 2 3
e6 = ( 4 6 5 )1 2 3
e7 = C 458 ) 1 32 )
e8 = 4 6 5 ) 1 3 2

The subgroups are the following:

SO is the null subgroup
Si = ( e0 el e3 )
S2 = ( e0 e2 e4 )
S3 = ( e .5 e8 1
S4 = e .0 e6 e7 }
S5 = e el e2 e3 e4 e5 e6 e7 e8}
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ABELIAN GROUP (a6xa2)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2 3 4 5 6 )
e2 = ( 7 8 )
e3 = C 2 4 6 )( 1 3 5
e4 = ( 3 6 ) ( 2 5 ) ( 1 4
e5 = C 2 6 4 ) ( 1 5 3
e6 = 1 6 5 4 3 2 )
e7 = ( 7 8 ) 1 2 3 4 5 6 )
98 = C 7 8 ) 2 4 6 )( 1 3 5
eg = ( 7 8 ) 3 6 )( 2 5 )( 1 4 )
el0 = ( 7 8 ) ( 2 6 4 ) ( 1 5 3
ell = ( 7 8 )( 1 6 5 4 3 2 )

The subgroups are the following:

SO is the null subgroup
Si = e .0 e2 I
S2 = e .0 e4 )
S3 = e .0 e9 1
S4 = { e .3 e5 1
S5 = e .0 e2 e4 eg 1
S6 =( e0 el e3 e4 e5 e6 1
S7 = 9 .0 e3 e5 e7 eg ell I
S8 = C e0 e2 e3 e5 e8 el0 )
S9 = ( e0 el e2 e3 e4 e5 e6 e7 e8 ag el0 ell )
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ABELIAN GROUP (a2x8)

The ELEMENTS are the following:

e0 is the identity element
el = 1 2 3 4 5 6 7 8
e2 =( 9 0 )
e3 = 2 4 6 8 )( 1 3 5 7
e4 = 1.4 7 2 5 8 3 6 )
e5 = 4 8 ) ( 3 7 ) ( 26 ) ( 1 5
e6 = (1 6 3 8 5 2 7 4 )
e7 = (2 8 6 4 )( 1 7 5 3
e8 =  1 C 8 7 6 5 4 3 2 )
eg = (9 10 )1 2 3 4 5 6 7 8
el0 = ( 1 10 )2 4 6 8 )( 1 357 )
ell = ( 0 )(1 4 7 2 5 8 3 6 )
e12 = C 9 10 )( 4 8 )( 37 )( 26 )( 1 5
e13 = ( 1 0 )(1 6 3 8 5 274 )
e14 ( 9 10 ) ( 2 8 6 4 ) ( 1 7 5 3
e15 = ( 9 10 )(1 8 7 6 5 4 3 2

The subgroups are the following:

SO is the null subgroup
Si = (eO e2
S2 = CeO e5 1
S3 = ( eO .12 1
S4 = ( e e3 e5 e7 )
S5 = { e0 e5 el0 e14 1
S6 = {eO e2 e5 e12 1
S7 = e .0 el e3 e4 e5 e6 e7 e8 1
S8 = e .0 e3 e5 e7 eg ell e13 e15 1
S9 = e .0 e2 e3 e5 .7 elO e12 e14 1
S10 e C 0 el &2 e3 e4 @5 e6 e7 e8 eg e10 ell e12 e13 e14
.15 )



ABELIAN GROUP (a4x4)

The ELEMENTS are the following:

eO is the identity element
el ( 1 2 3 4 )
e2 = 5 6 7 8
e3 = ( 2 4 )( 13 )
e4 = ( 1.4 3 2
e5 = ( 8 8 ) ( 5 7
e6 = (5 8 7 6)
e7 = ( 5 6 7 8 )( 1 2 3 4
eS = 6 6 8 )( 5 7 )( 1 2 3 4
eg = (587 )( 1234 )
el0 = ( 5 6 7 8 ) 2 4 )( 1 3
e11 = ( 6 8 ) ( 5 7 ) ( 2 4 ) ( 1 3
e12 = C 5 8 7 6 )( 2 4 )( 1 3
e13 = 5 6 7 8 ) ( 1 34 2 )
e14 = ( 6 8 )( 5 7 )( 1 4-3 2
el5 = 5 8 7 6 )( 1 4 3 2

The subgroups are the following:

SO is the null subgroup
S1 = ( e0 .3 I
S2 = (eO e5 1
S3 = ( eO ell }
S4 = ( e0 el e3 e4 )
S5 = ( e .2 e5 e6 I
S6 = ( eO 7 ell e15
S7 = ( e0 e3 e8 e14 1
S8 = ( e e9 ell e13 1
S9 = ( e0 e5 el0 e12 1
S10 = ( e0 e3 e5 ell 1
Sil = (eO el e3 e4 e5 e8 el. e14 I

S12 = ( e0 e2 e3 e5 e6 el0 ell e12 1
S13 = ( e0 e3 e5 e7 eg e11 e13 e15 1

S14 = ( e0 el e2 e3 e4 e5 e6 97 e8 e9 el0 ell e12 e13 e14

.15 1

62



ABELIAN GROUP (a2x2x4)

The ELEMENTS are the following:

e0 is the identity element
el = ( 1 2
e2 = ( 3 4
e3 = (5678 )
e4 = 0.8 )( 5 7
e5 = (5 8 7 6)
e6 = 3 4 )( 1 2
e7 = (5 6 7 8 )( 1 2
e8 = C 6 8 ) H 5 7 ) H 1 2 )
eg = 5 8 7 6 ) 12 )
elO = C 5 6 7 8 )( 3 4
ell = 6 6 8 )( 5 7 )( 3 4
e12 = C 5 8 7 6 ) ( 3 4 )
e13 = C 5 6 7 8 ) C 3 4 ) ( 1 2
e14 = ( 6 8 ) ( 5 7 ) ( 3 4 ) ( 1 2
e15 = (5 8 7 6 )( 3 4 )( 1 2)

The subgroups are the following:

SO is the null subgroup
Si ( eO el )
S2 = ( eO e2 )
S3 = ( eO .4 1
S4 = (eO e6 1
S5 = ( eO e8 I
S6 = ( eO ell I
S7 = ( eO e14 1
S8 =  eO e3 e4 e5 )
S9 = CeO el e2 e6 I
SIO = C eO e4 e7 eQ 1
S1.1 = C eO el e4 e8 1
S12 = eO e4 elO e12 I
S13 = { eO e4 e13 e15 1
S14 = C eO e2 e4 ell 1
S15 = eO e2 e8 e14 1
S16 = C eO e4 e6 e14 I
S17 = ( eO e6 e8 ell 1
S18 = £ e l e1 ell e14 1
S19 = CeO el e3 e4 e5 e7 e8 e9 1
S20 = C eO e2 e3 e4 e5 elO ell e12 1
S21 = ( eO e2 e4 e7 e9 ell e13 e15 1
S22 = (eO el e2 e4 e6 e8 ell e14 )
S23 = CeO e3 e4 e5 e6 e13 e14 e15 1
S24 = (eO e4 e6 e7 eQ elO e12 e14 1
S25 = CeO el e4 e8 elO ei2 e13 e15 )
S26 = e eO el e2 e3 e4 e5 e e7 e8 e9 elO ell e12 e13 e14
e15 )
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ABELIAN GROUP (a22x22)

The ELEMENTS are the following:

eO is the identity element
el = ( 1 2
e2 = ( 3 4
e3 = ( 5 6
e4 = (7. 8
e5 = ( 3 4 ) 1 2
eG = ( 5 6 )( 1 2
e7 = ( 7 8 )( 1 2
e8 = ( 5 6 )( 3 4
eg = C 5 6 )( 3 4 )( 1 2
elO = ( 7 8 ) 5 6 )
ell = ( 7 8 ) ( 5 6 ) C 1 2
e12 = ( 7 8 ) 3 4 )
e13 = C 7 8 ) ( 3 4 ) 1 1 2
e14 C 7 8 ) ( 5 6 ) C 3 4
el5 = ( 7 8 ) ( 5 6 ) H 3 4 ) C 1 2

The subgroups are the following:

SO is the null subgroup
Sl = 2 e0 el 1
S2 = 12eO e2 
S3 = (eO e3 1
S4 = 12eO e4 
S5 = 9 e0 .5 e
S6 = 1 eO e6 I
S7 = C .0 e7 
S8 = 1 eO e8 I
SQ = eO eg I
SIO = ( eO el0 1
Sli = ( e0 ell 1
S12 = 1 eO e12 }
S13 = 1 e1 .13 1
S14 = 1 eO e14 )
S15 = 1 0 .15 1
S16 = eO el e2 e5 1
S17 = 1e el e3 .6 )
S18 = l 0 e1 .4 e7 }
S19 = e el el 0 ell
S20 = 1 e .2 e3 e8 1
S21 = 1 eO e2 e4 e12 1
S22 = 1 eO e2 e6 eg 1
S23 = ( eO e2 e7 e13 1
S24 = 1 eO e2 elO e14 )
S25 = 1 e0 e2 ell e15 1
S26 = e .0 .3 e4 elO 1
S27 = 1 e .3 e5 eQ 1
S28 = 12eO e3 e7 ell 1
S2Q = 12eO e4 e5 e13 64



S30 = ( eO e4 e6 ell )
S31 = {eO e4 e8 e14 1
S32 = ( eO e4 e9 e15 1
S33 = ( eO e5 e6 e8 1
S34 = ( eO e5 e7 e12 I
S35 = ( e e5 elO e15 1
S36 = ( eO e5 eli l4 1
S37 = { eO e6 e7 elO )
S38 = (,eO e7 e8 e15 )
S39 = ( e e7 e9 .14 1
S40 = (eO el e8 eg 1
S41 = ( eO e8 el0 e12 )
S42 = { eO e8 e11 e13 )
S43 = ( eO .9 e10 e13
S44 = (eO eg e11 e12 1
S45 = £eO el e12 e13 )
S46 = ( e .3 e12 e14 1
S47 = ( eO e6 e12 e15 1
S48 = £eO e3 e13 el I
349 = £ eO e6 e13 e14 e
S50 = (eO el e14 e15 1
S51 = £eO el e2 e3 e5 e6 e8 e9 1
S52 = (eO el e3 e4 e6 e7 elO ell 1
S53 = £eO el e2 e4 e5 e7 e12 e13 1
S54 = (eO el e2 e5 elO ell e14 e15 1
S55 = C eO el e4 e7 e8 e9 e14 e15 )
S56 = ( eO el e3 e6 e12 e13 e14 e15 1
S57 = ( eO el e8 eg el0 ell e12 e13 1
S58 = ( e .2 e3 e4 e8 elO e12 e14 I
359 = ( e .2 e3 e7 e8 ell e13 e15 1
S60 = ( eO e2 e4 e6 e9 .ll e12 e15 1
S61 = ( e .2 e6 e7 eg elO e13 .14 1
S62 = ( e .3 e4 e5 eg elO e13 e15 I
S63 = £eO e3 e5 e7 e9 ell e12 e14 I
S64 = ( eO e4 e5 e6 e8 e11 e13 e14 I
S65 = ( eO e5 e6 e7 e8 .10 e12 e15 1
S66 = ( eO el e2 e3 e4 e5 e6 e7 e8 eg el0 ell e12 e13 e14
e15 1



UNKNOWN GROUP (klein4)

The ELEMENTS are the following:

eO is the identity element
el = ( 3 4 )( 1 2
e2 = ( 2 3 )( 1 4
e3 = 2 4 )( 13

The subgroups are the following:

SO is the null subgroup
S1 = ( eO el 1
S2 = {eO e2 }
S3 = C eO 93 1
S4 = CeO el e2 e3 }
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UNKNOWN GROUP (q4)

The ELEMENTS are the following:

e0 is the identity element
el = (5 8 7 6 )(1 4 3 2
e2 = (2547)( 1638 )
e3 = (68)(57)(24)(13)
e4 = (5 6 7 8 )(1 2 3 4
e5 = ( 2745 )( 1836 )
e6 = 2 6 4 8 )(1 7 3 5
e7 = 2 8 4 6 )(1 5 3 7 )

The subgroups are the following:

SO is the null subgroup
SI = ( e0 e3 )
S2 = ( e0 el e3 e4 }
S3 = ( e0 e2 e3 e5 I
S4 = ( e0 e3 e6 e7 )
S5 = ( e0 el e2 e3 e4 e5 e6 e7 I



UNKNOWN OROUP (alt4)

The ELEMENTS are the following:

e0 is the identity element
el = ( 1'23
e2 = (2 3 4
e3 = ( 2 3 )( 1 4
e4 = ( 1 3 2
eS = ( 2 4 3
e6 = 2 4 )( 13 )
e7 = ( 3 4 )( 12 )
e8 = ( 1 4 3
e9 = (1 2 4
el0 ( 1 4 2
e11 ( 1 3 4

The subgroups are the following:

SO is the null subgroup
Si = ( e0 e3 1
S2 = ( e0 .6 1
S3 = ( e0 e7 }
S4 = f e0 el e4 I
S5 = ( e0 e2 e5 1
S6 = e @0 eS ell1
S7 ( e0 e9 elO 1
S8 = ( e .3 e8 e7 1
S9 = l0 e1 @2 e3 e4 e5 e6 e7 e8 e el0 ell 1
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UNKNOWN GROUP (s3xz2)

The ELEMENTS are the following:

eO is the identity element
el =( 1 2 3
e2 = ( 1 3 )
e3 = ( 4 5
e4 = ( 1.3 2
e5 = (1 2 )

e6 = ( 2 3
e7 = ( 4 5 ) 1 2 3 )
e8 = ( 4 5 ) 1 3 2
e9 = ( 4 5 ) 1 3
elO 4 5 )( 2 3
ell C 4 5 )( 1 2

The subgroups are the following:

SO is the null subgroup
Si = ( e0 .2 )
S2 = £ eO e3 )
S3 = ( .0 e5 1
S4 = (eO e6 
S5 = ( e g .9 1
S6 = { eC lO 1
S7 = eC ell )
S8 = ( e0 el e4 )
S9 = ( eC e2 e3 eg 1
SlO = e e3 e5 ell )
SIl = et) e3 e8 elO }
S12 = eO el e2 e4 e5 e8 1

S13 = (eO el e3 *4 e7 e8 1
S14 = eO *I e4 e9 elO ell I
S15 = e .0 el e2 e3 e4 e5 e6 e7 e8 e9 elO ell 1
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UNKNOWN GROUP (sd2z8z2)

The ELEMENTS are the following:

eO is the identity element
el = ( 9 16 15 14 13 12 11 10 )( 1 8 7 6 5 4 3 2
e2 = ( 8 12 )( 7 9 )( 6 14 )( 5 11 )( 4 16 )( 3 13 )( 2 10 ) 1 15
e3 = 1 10 16 14 12 )( 9 15 13 11 )( 2 8 ( 4 )( 1 7 5 3
e4 = C 9 14 11 16 13 10 15 12 )( 1 6 3 8 5 2 7 4 )
.5 = ( 12 16 ) ( 11 15 ) ( 10 14 ) C 9 13 ) ( 4 8 ) ( 3 7 ) ( 2 6 ) ( 1 5
e = ( 9 12 15 10 13 16 11 14 )( 1 4 7 2 5 8 3 8 )
e7 = ( 10 12 14 16 )( 9 11 13 15 )( 2 4 8 8 )( 1 3 5 7 )
e8 = ( 9 10 11 12 13 14 15 16 )( 1 2 3 4 5 6 7 8 )
eg = ( 4 13 8 9 )( 3 10 7 14 ) 2 15 6 11 ) ( 1 12 5 16
elO = C 4 15 8 11 )( 3 12 7 16 )( 2 9 6 13 )( 1 14 5 10
ell = ( 8 14 )( 7 11 )6( 16 )( 5 13 )( 4 10 )( 3 15 )( 2 12 )( 1 9
e12 = ( 8 16 )( 7 13 ) 6 10 )( 5 15 )( 4 12 ) 3 9 )( 2 14 )( 1 11
e13 = ( 8 10 )( 7 15 ) ( 6 12 ) ( 5 9 )( 4 14 )( 3 11 ) ( 2 16 ) 1 1 13
e14 = (4 9 8 13 )( 3 14 7 10 )( 2 11 6 15 1 1 16 5 12
el5 = ( 4 11 8 15 )( 3 16 7 12 )( 2 13 6 9 )1 10 5 14

The subgroups are the following:

SO is the null subgroup
Si = ( e0 e2 I
S2 = eO5 )
S3 = ( e0 ell 1
S4 =( 0 e.2 1
S5 = .0 e13 )
S6 = e .0 e3 e5 e7 I
S7 = eO e5 eg e14 1
S8 = eO 5 elO e15 1
S9 = C e0 e2 e5 e12 }
S10 = e 0 .5 e11 e13 1
Sil = C e0 el e3 e4 e5 e6 e7 e8 1
S12 = C e0 e2 e3 e5 e7 ell .12 e13 1
S13 = e e0 e3 e5 e7 eg el0 e14 e15 1
S14 = ( e0 el e2 e3 e4 e5 e6 e7 e8 eg el0 ell e12 e13 e14
e15 1
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UNKNOWN GROUP (sdlz8z2)

The ELEMENTS are the following:

eO is the identity element
el = ( 9 18 15 14 13 12 11 10 )( 1 8 7 6 5 4 3 2
e2 = ( 8 16 )( 7 11 )( 6 14 )( 5 9 )( 4 12 )( 3 15 )( 2 10 )( 1 13
e3 = 1 10 16 14 12 )( 9 15 13 11 )( 2 8 6 4 )( 1 7 5 3
e4 = 9. 14 11 16 13 10 15 12 )( 1 6 3 8 5 2 7 4 )
e = 12 16 ) ( 11 15 ) ( 10 14 ) C 9 13 ) ( 4 8 ) ( 3 7 ) ( 2 6 ) ( 1 5
e6 = C 9 12 15 10 13 16 11 14 )( 1 4 7 2 5 8 3 6 )
e7 = 1 10 12 14 16 )( 9 11 13 15 )( 2 4 6 8 )( 1 3 5 7
e8 = C9 10 11 12 13 14 15 16 )( 1 2 3 4 5 6 7 8
eg = ( 2 13 4 15 6 9 8 11 )1 1 16 3 10 5 12 7 14
el0 ( 2 9 4 11 6 13 8 15 )( 1 12 3 I 5 16 7 10
ell = ( 4 10 8 14 )( 3 13 7 9 )C 2 16 6 12 )( 1 11 5 15
e12 = C 4 14 8 10 )( 3 9 7 13 )( 2 12 6 16 )C 1 15 5 11
e13 = C 2 11 8 9 6 15 4 13 )C 1 14 7 12 5 10 3 16
e14 C 2 15 8 13 6 11 4 9 )( 1 10 7 16 5 14 3 12
e15 = (812 )( 7 15 )( 6 10 )( 5 13 J( 4 16 )( 31 )C 2 14 )( 19)

The subgroups are the following:

SO is the null subgroup
Si = {eO e2 1
S2 = (eO e5 1
S3 = e0 e15 1
S4 = { eO e3 e5 e7 1
S5 = CeO e5 ell e12 1
S6 = C eO e2 e5 e15
S7 = e0 el e3 e4 .5 e6 e7 e8 1
S8 z eO e3 e5 e7 eg elO .13 e14 1
S9 = C eO e2 e3 e5 e7 ell e12 e15 1
S1O eO el e2 e3 e4 e5 e6 e7 e8 eg elO ell e12 e13 e14
e15 )
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UNKNOWN GROUP (q8)

The ELEMENTS are the following:

e0 is the identity element
el = ( 9 16 15 14 13 12 11 10 )( 1 8 7 6 5 4 3 2 )
e2 =( 4 15 8 11 )( 3 16 7 12 )( 2 9 6 13 )( 1 10 5 14
e3 = ( 10 16 14 12 )( 9 15 13 11 )( 2 8 6 4 )( 1 7 5 3
e4 = ( 9. 14 11 16 13 10 15 12 ) ( 1 6 3 8 5 2 7 4 )
e5 = ( 12 16 ) ( 11 15 ) ( 10 14 ) 9 13 ) ( 4 8 ) ( 3 7 ) ( 2 6 ) ( 1 5
e6 = c 9 12 15 10 13 16 11 14 )( 1 4 7 2 5 8 3 6 )
e7 = ( 10 12 14 16 )( 9 11 13 15 )( 2 4 8 8 )( 1 3 5 7
e8 a ( 9 10 11 12 13 14 15 16 )( 1 2 3 4 5 6 7 8 )
eg ( 4 11 8 15 )( 3 12 7 16 )( 2 13 6 9 )( 1 14 5 10
elO = C 4 16 8 12 )H 3 9 7 13 )( 2 10 6 14 )( 1 11 5 15
ell = ( 4 14 8 10 )( 3 15 7 11 )( 2 16 6 12 )( 1 9 5 13
e12 = C 4 12 8 16 )( 3 13 7 9 H 2 14 8 10 )( 1 15 5 11
e13 = C 4 10 8 14 )( 3 11 7 15 )( 2 12 6 16 )( 1 13 5 9
e14 = ( 4 9 8 13 )( 3 10 7 14 )( 2 11 6 15 ) 1 12 5 16 )
e15 = ( 4 13 8 9 ) 3 14 7 10 ) 2 15 6 11 ) 1 16 5 12

The subgroups are the following:

SO is the null subgroup
S = ( e .5 )
S2 = ( e0 e2 e5 e9 )
S3 = ( e .3 e5 e7 1
S4 = ( e0 e5 el0 e12 I
S5 = { e0 e5 e11 e13 }
S6 = { e0 e5 e14 e15 }
S7 = e .0 el e3 e4 e5 e6 e7 e8 }
S8 = ( e0 e2 e3 e5 e7 e9 e14 e15 1
S9 = e .0 e3 e5 e7 el0 ell e12 e13 )
S10 = C e0 el e2 e3 e4 e5 e6 e7 e8 e9 el0 ell e12 e13 e14
e15 1
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UNKNOWN GROUP (q4xz2)

The ELEMENTS are the following:

eO is the identity element
el (5876)( 1432)
e2 = (2 5 4 7 )(1 6 3 8
e3 = ( 9 10 )
e4 = C 6.8 )( 57 )( 24 )( 13
e5 = 5 6 7 8 )(1 2 3 4
e6 = C 2 7 4 5 )( 1 8 3 6 )
e7 = (2 6 4 8)( 1 7 3 5)
e8 = 2 8 4 6 )( 1 5 3 7
e9 = C 9 10 ) ( 5 8 7 6 ) ( 1 4 3 2
el0 = C 9 10 ) ( 6 8 ) ( 5 7 ) ( 2 4 ) ( 1 3
ell= 9 10)( 5 6 7 8 )(1 2 3 4)
e12 = C 9 10 ) ( 254 7 )1 6 3 8
e13 = C 9 10 )( 2 8 4 6 1 5 3 7
e14 = C 910 )( 2 8 4 8 ) 1 7 3 5
e15 ( 1 10 )2 7 4 5 )1 8 3 6

The subgroups are the following:

SO is the null subgroup
Si = C eO e3 I
S2 = ( e0 e4 1
S3 = CeO el0
S4 = e .0 el e4 e5 1
S5 = e0 e2 e4 e6 I
S6 = ( e0 .4 e7 e8 }

7 = (eO e4 eg ell)
S8 = { e0 e4 e12 el5 I
S9 = e .0 e4 e13 e14 1
S10 = ( e0 3 e4 el0 )
SI = l0 e1 e2 e4 e5 e e7 e8 )
S12 = e el e3 e4 e5 eg el0 ell 1
S13 = e .0 e2 e3 e4 e6 el0 e12 e15 1
S14 = ( e0 e2 e4 e6 eg ell e13 e14 )
S15 e0 e3 *4 e7 e8 el0 e13 .14 I
SI6 = e 0 .4 e7 e8 eg ell e12 el5 )
S17 = C e0 el e4 e5 e12 .13 e14 e15 I
S18 = C eO el e2 .3 e4 e5 e6 e7 e8 eg elO ell e12 e13 e14
e15 1
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UNKNOWN GROUP (d4xz2)

The ELEMENTS are the following:

e0 is the identity element
el = ( 1 2 3 4 )
e2 = ( 2 3 )H 1 4
e3 = ( 5 6 )
e4 = ( 2 4 )H 1 3
e5 = ( 1 4 3 2
ad = C 1 3
97 = ( 2 4
e8 = ( 3 4 )( 1 2
e9 = ( 5 6 )( 1 2 3 4
elO =(5 8 H 2 4 H 1 3)

e11 = C 5 6 )( 1 4 3 2 )
e12 = 5 6 )( 2 3 ) 1 4
e13 = ( 5 6 ) H 2 4
e14 C 5 6 )H 1 3
e15 = (56 )( 3 4 )( 1 2)

The subgroups are the following:

SO is the null subgroup
S1 = (eO e2 1
S2 = {eO e3 1
S3 = eO e4 1
S4 = { e0 .d 1
S5 = ( e0 e7 1
S6 = £ e0 e8 1
S7 = ( e0 el0 1
S8 = ( e0 .12 1
S9 = ( e0 e13 1
SIO = ( e0 .14 1
S11= 0 e15 1
S12 = e el e4 e5 1
S13 e0 e4 e9 ell 1
S14 = ( e0 .2 e3 e12 1
S15 = ( e0 e2 e4 e8 1
S16 = e .0 e2 el0 e15 1
S17 = e e0 e3 e4 el0 1
Si = ( e0 e3 e6 e14 1
S19 = £ e0 e3 e7 e13 1
S20 = ( e0 e3 e8 e15 1
S21 = ( e0 e4 e6 e7 1
S22 = ( e0 e6el0 e13 1
S23 = ( e0 e .10 .14 1
S24 = ( e0 e8 el0 e12 1
S25 = ( e0 .4 e12 e15 1
S26 = £ e0 e4 e13 e14 1
S27 = e .0 el e2 e4 e5 e6 e7 e8 1
S28 = ( e0 el e3 e4 e5 e el0 ell 1
S29 = ( e0 e2 e4 e8 e9 ell e13 e14 1
S30 = { e e4 .6 e7 eg ell .12 e15 1
S31 = eO l e4 e5 e12 e13 e14 e15 1
S32 = e e0 e2 e3 e4 e8 el0 e12 e15 1
S33 = ( e0 e3 e4 .6 e7 el0 e13 e14 1
S34 = e .0 el e2 e3 e4 &5 e6 e7 e8 e9 el0 ell e12 e13 e14
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UNKNOWN GROUP (q4xz4)

The ELEMENTS are the following:

eO is the identity element
el = ( 7 16 15 14 )( 6 13 12 11 )( 5 10 9 8 )( 1 4 3 2
e2 = ( 4 10 13 16 )( 3 5 12 7 )( 2 8 11 14 )( 1 9 6 15
e3 = ( 14 16 )( 11 13 )( 8 10 )( 7 15 )( 6 12 )( 5 9 )( 2 4 )( 1 3 )
e4 = C 7. 14 15 16 )( 6 11 12 13 )( 5 8 9 10 )( 1 2 3 4 )
e = 10 16 ) ( 9 15 ) ( 8 14 ) ( 5 7 ) ( 4 13 ) ( 3 12 ) ( 2 11 ) ( 1 6 )
e6 = ( 4 16 13 10 )( 3 7 12 5 )( 2 14 11 8 )( 1 15 6 9
e7 = ( 4 5 13 7 )( 3 8 12 14 )( 2 9 11 15 )( 1 10 6 16
e8 = (4 9 13 15 )( 3 10 12 16 )( 2 5 11 7 )( 1 8 6 14)
e9 = ( 7 10 15 8 )( 5 16 9 14 )( 2 6 4 12 )( 1 13 3 11
elO = ( 4 7 13 5 )( 3 14 12 8 )( 2 15 11 9 )( 1 16 6 10
ell = ( 4 15 13 9 )( 3 16 12 10 )( 2 7 11 5 )( 1 14 6 8
e12 = .( 4 8 13 14 ) 3 9 12 15 )C2 10 11 16 ) 1 5 6 7
e13 = ( 10 14 ) ( 8 16 ) ( 7 9 ) ( 5 15 ) ( 4 11 ) ( 3 6 ) ( 2 13 ) C 1 12
e14 = ( 4 14 13 8 ) 3 15 12 9 ) 2 16 11 10 )( 1 .7 6 5
e15 = C 7 8 15 10 ) 5 14 9 16 )( 2 12 4 6 ) 1 11 3 13

The subgroups are the following:

SO is the null subgroup
Si = ( e0 e3 }
S2 = ( e0 e5 I
3 = e0 e13 )

S4 = (eO el e3 e4)
S5 = C .0 e2 e5 e6 I
S6 = C e0 e5 e7 el0 1
S7 = eO e5 e8 ell )
S8 = C e0 e3 eg e15 I
S9 = C e0 e5 e12 e14 1
SIO e e3 e5 e13 1
Sl = ( eO el e3 e4 e5 eg e13 e15 }
S12 = C e0 e2 e3 e5 ed e12 e13 e14 I
S13 = C e0 e3 e5 e7 e8 el0 ell e13 )
S14 = ( e0 .l e2 e3 e4 e5 e6 e7 e8 eg el0 ell e12 e13 e14
e15 1
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UNKNOWN GROUP (wpd4z4)

The ELEMENTS are the following:

eO is the identity element
el = ( 13 16 15 14 )( 6 12 10 8 )( 5 11 9 7 )( 1 4 3 2 )
e2 = ( 7 12 11 8 )( 5 10 9 6 )( 2 14 4 16 )( 1 13 3 15
e3 = ( 7 13 11 15 )( 5 16 9 14 )( 2 10 4 6 )( 1 8 3 12
e4 = ( 1.4 16 ) ( 13 15 ) H 8 12 ) ( 7 11 ) ( 8 10 ) ( 5 9 ) ( 2 4 ) C 3 )
e5 = ( 13 14 15 16 )( 6 8 10 12 )( 5 7 9 11 )( 1 2 3 4 )
e6 = ( 7 8 11 12 )( 6 8 9 10 )( 2 16 4 14 )( 1 15 3 13 )
e7 = C 7 15 11 13 )( 5 14 9 16 )( 2 6 4 10 )( 1 12 3 8 )
e8 =( 9 12 ) 7 10 )( 6 11 )( 5 8 )( 4 15 )( 3 14 )( 2 13 )( 1 16 )
e9 = ( 10 11 ) C 8 9 ) ( 6 7 ) 5 5 12 ) ( 4 13 ) ( 3 16 ) ( 2 15 ) 1 1 14 )
elO - C 11 14 ) H 9 13 ) H 7 16 ) ( 5S ) ( 4 12 ) ( 3 10 ) ( 2 8 ) C 1 6
ell = ( 11 16 )( 9 15 )( 7 14 )( 5 13 )( 4 8 )H 3 6 )( 2 12 ) 1 10
e12 = ( 8 13 12 15 )H 6 16 10 14 )( 2 5 4 9 )C 1 11 3 7 )
e13 = C 8 15 12 13 )( 6 14 10 16 )( 2 9 4 5 )( 1 7 3 11 )
e14 = C 12 14 ) ( 10 13 ) ( 8 16 ) ( 6 15 ) ( 4 7 ( 3 5 ) ( 2 11 ) ( 1 9
e15 = ( 12 16 ) ( 10 15 ) ( 8 14 ) C 6 13 ) ( 4 11 ) ( 3 9 H ( 2 7 ) 1 1 5 )

The subgroups are the following:

SO is the null subgroup
Si = ( eO e4 1
S2 = ( e0 e8 }
S3 = eO eg 
S4 = (eO elO 1
S5 = ( e0 ell 1
S6 = ( e0 e14 1
S7 = ( eO e15 1
S8 = e e0 el e4 eS I
S9 = (eO e2 e4 e6 )
S0 = -eO e3 e4 e7 1
SlI = ( eO e4 e12 e13 }
S12 = C eO e4 e8 e9 )
S13 = eO e4 el0 e11 )
S14 = { e0 e4 e14 e15 1
S15 = * .0 e1 e2 e4 e5 e6 e8 eg 1
S16 = {eO el e3 e4 e5 .7 elO ell 1
S17 = C e0 e2 e3 e4 e e7 e12 e13 1
S18 = C e0 e2 e4 e6 el0 ell e14 .15 1
S19 -- ( e0 3 e4 e7 *8 e9 e14 e15 )
S20 = e e0 .4 e8 e9 elO ell e12 e13 )
S21 CeO el e4 e5 e12 e13 e14 el 1
S22 = eO el 2 e3 e4 e5 e6 e7 e8 eg elO e11 e12 e13 e14
e15 1
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UNKNOWN GROUP (dpd4d4)

The ELEMENTS are the following:

eO is the identity element
el = ( 7 14 15 16 )( 6 11 12 13 )( 5 8 9 10 )( 1 2 3 4
e2 = ( 12 16 ) C 9 13 ) ( 6 14 ) ( 5 11 ) C 4 15 ) ( 3 10 ) C 2 7 ) ( 1 8
e3 = ( 14 16 ) 1( 1 13 )( 8 10 )( 7 15 )( 6 12 )( 5 9 )( 2 4 )( 1 3 )
e4 = ( 7. 16 15 14 )( 6 13 12 11 )( 5 10 9 8 ) 1 4 3 2 )
e5 = C 4 8 13 14 ) 3 15 12 9 ) 2 10 11 16 ) 1 7 6 5 )
e6 = ( 4 16 13 10 )C 3 5 12 7 )( 2 14 11 8 )C1 9 6 15 )
e7 = ( 12 14 ) 9 11 )( 6 16 )( 5 13 )( 4 7 )( 3 8 )( 2 15 ) 1 10
e8 = ( 13 15 ) 1 10 12 ) C 7 11 ) ( 6 8 ) C 4 9 ) ( 3 16 ) C 2 5 ) C 1 14 )
e9 = ( 4 10 13 16 )( 3 7 12 5 )( 2 8 11 14 )( 1 15 6 9
elO = C 4 14 13 8 )( 3 9 12 15 )( 2 16 11 10 )( 1 5 6 7 )
ell C 11 15 ) ( 8 12 ) ( 7 13 ) ( 6 10 ) ( 4 5 ) C 3 14 ) ( 2 9 ) ( 1 16 )
e12 = f 7 10 15 8 )( 5 16 9 14 )( 2 6 4 12 )( 1 13 3 11 )
e13 =( 10 16 ) ( 9 15 ) ( 8 14 ) ( 5 7 ) ( 4 13 ) ( 3 12 ) ( 2 11 ) C 1 6 )
e14 = 7 8 15 10 )( 5 14 9 16 )( 2 12 4 6 )( 1 11 3 13
el5 = ( 10 14 ) ( 8 16 ) ( 7 9 ) ( 5 15 ) ( 4 11 ) C 3 6 ) C 2 13 ) C 1 12 )

The subgroups are the following:

SO is the null subgoup
S1 = { eO e2 )
S2 = C eO e3 }

3 =( eQ e7 I
S4 = eO e8 I
S5 = ( e0 ell I
S6 = ( eO e13 I
S7 = ( eQ el5 I
S8 = ( e0 el e3 e4 I
S9 = eQ e5 elO e13 )
SIO = C eO ed e9 e13 )
SlI = C e0 e3 e12 e14 )
S12 = C e0 e2 e3 e7 }
S13 = C eO e2 e8 e13 )
S14 = e eO e3 e8 ell 1
S15 = C eO e2 ell el5 I
S16 = e0 e3 e13 el5 I
S17 = C eO e3 e5 e6 eg elO e13 el5 I

S18 e l el e3 e4 e12 e13 e14 el5 I
S19 = C e0 e2 e3 e7 e8 ell e13 el5 I
S20 = ( e l ei e2 e3 e4 e5 e6 e7 e8 eQ elO ell e12 e13 e14
el 5
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APPENDIX B

ABSALGMM.C - The main menu for the Abstract Algebra Programming
System.

ABSALGMP.C - This program is the print menu for the Abstract
Algebra Programming System.

ABSALGMG.C - This program is the Group Generation menu for the
Abstract Algebra Programming System.

ABSALGLDG.C - This program produces the generators for dihedral
groups for the Abstract Algebra Programming System.

ABSALGCG.C - This program produces the generators for cyclic
groups for the Abstract Algebra Programming System.

ABSALGAG.C - This program accepts permutations from a user for
the abelian group generation for the Abstract Algebra Programming
System.

ABSALGUG.C - This program accepts permutations from a user for
the unknown group generation for the Abstract Algebra Programming
System.

ABSALGIN.C - This program initializes the external arrays.

ABSALGCC.C - Canonical Formatter Program for the Abstract Algebra
Programming System.

ABSALGPO.C - This program prints out the generating elements
produced by the different generating programs - Groupd, Groupc,
Groupa, and Groupg.

ABSALGIF.C - Internal Formatter for the Abstract Algebra
Programming System.

ABSALGFR.C - File read data program for the Abstract Algebra
Programming System.

ABSALGPS.C - Write data to either the printer or screen for the
Abstract Algebra Programming System.

ABSALGOS.C - Orders the subgroup data from lowest order to
highest order for the Abstract Algebra Programming System.

ABSALGDW.C - Dihedral write data program for the Abstract Algebra
Programming System.

ABSALGCW.C - Cyclic write data program for the Abstract Algebra
Programming System.



ABSALGAW.C - Abelian write data program for the Abstract Algebra
Programming System.

ABSALGUW.C - Unknown write data program for the Abstract Algebra
Programming System.

ABSALGGD.C - Group Generator Driver Program for the Abstract
Algebra Programming System.

ABSALGAN.C - Basic Permutation Raised to a Power Program for the
Abstract Algebra Programming System.

ABSALGSS.C - Subgroup Sorter Program for the Abstract Algebra
Programming System.

ABSALGAS.C - Adds generated subgroups to the list of subgroups
for the Abstract Algebra Programming System.

ABSALGKG.C - Check Subgroups for Existence Program for the
Abstract Algebra Programming System.

ABSALGAB.C - Multiplier of two permutations for the Abstract
Algebra Programming System.

ABSALGPM.C - (Disjoint) Basic Permutation Multiplier for the
Abstract Algebra Programming System

ABSALGSI.C - Singleton Search and Deletion Program for the
Abstract Algebra Program System.

ABSALGKE.C - Element Checker for the Abstract Algebra Programming
System.
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1*

ABSALGMM.C - The main menu for the Abstract Algebra Programning System

This program presents the user with a menu. The program then passes

control to that system.

This program defines the global variables subsets, internaL_form.

*/

char subsets[273][203], internal form[155];

void group-generationo;

void print menuo;

main()
{

char option[23, ch;

do
{

option[0] = 1\0';

cLrscro;

print fC "\n\n\n\n\n\n\n\n");

printf(1"%53s", "PERMUTATION PROGRAM MAIN MENU");
pr int f (1\n\n\n"1);

printf("%49s", "Option 1 - Group Generation");

printf("\n\n");

printf("%56s", "Option 2 - Print a Generated Group");

printf("\n\n" );

printf("X45s", "Option 3 - Exit Program");

printf("\n\n\n");

printf("5%37s", "Enter Option and Press Enter: ");

gets(option);

switch(*option)
(

case '1':

group generat i ono;

break;

case '2':

print menuo;

break;

case '3':
option[Ol =1\0';



break;

defautt:
break;

whi Le(option);

cirscro;
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ABSALGMP.C - This program is the print menu for the Abstract Algebra
programuing system.

This presents the user with a Print Menu. The user choses the type of
group they want printed. The program then passes control to that system.

extern char subsets[2731 (2031, internaL form[1551;

#include "string.h"

void fiLe-read(char etementsf[M], char'*, char'*, char abetianfl. char unknown[]);

void print menu()

char choice[31, dihedraL (4], cyciic[4];
char eLementsE203] (155], unwknownc8], abetian[8];
int i, j, n;

The following while Loop will execute as Long as choice

does not return a NULL value, i.e. 1\01

do

cirscro;
pri ntf("1\n\n\n\n\n"1);
printfc"X4Os". "PRINT MENU"1);
printf("1\n\n\n"1);
printf("5Os", "Option 1 for DIHEDRAL GROUPS");
printf("1\n\n"1);
printf("U4s", "Option 2 for CYCLIC GROUPS");
printf(11\n\n11);
printf("1%49s", "Option 3 for ABELIAN GROUPS");
printf("1\n\n"1);
printf(X%49s", "Option 4 for UNKNOWN GROUPS");
printf("1\n\n"1);
printf("%43s", "Option 5 EXIT PROGRAM");
printf("1\n\n\n"1);
printf("X37s", "Enter Option and press ENTER: "1);

gets(chofce);
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switch(*choice) /* case statement ~

case '1':
do

cirscro;

dihedrat[O] x \a
cyc~icEO] 1\1
abeLiantul 1\1
unknown(O] 101

printf("X%25s",, "DIRECTIONS:");
printf("\n\n\nH);

printf("%60s", "Enter the number of the Dihedral Group");
printf("*\n\n"l);
printf("1%51s", "after the 'D' and-press ENTER");
printfC"1\n\n"1);
printf("%46s", "To exit just press ENTER");

printfC"\n\nI );
printf("X24s", I'D SI);

gets(dihedraL);
f(*dihedrat)

fite-read(elements, dihedral, cyclic, abetian, unknown);

whi Le(*dihedrat);

break;

case '2':
do

cirscro;

dihedraLCO] a \*
cyctictO] a=\1
abeliantO] x \a
unknown[O] - \a
printf("\n\n\n\n\n\n\n"f);
printf('X%25s",, "DIRECTIONS:");

printf("\n\n\n");

printf(wXSa", "Enter the number of the Cyclic Group");

printf(Ml5s"l, "after the 'C' and press ENTER");
printf(U\n\nI);

printf("IU6s"1, "To exit just press ENTER");
printf("1\n\n"1):

gets(cyct ic);
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if(*Cyctic)

fite read(etements, dihedral, cyclic, abeLian, unknown);

white(*cyctic);
break;

case '3':

do

cirscro;

dihedral (0] a \s

cyctic(O] 1\1

abetian[O] =\1

unknown[C 101
pri ntf( "\n\n\n\n\n\n\n");
printf("X25s",, "DIRECTIONS:");
printf("1\n\n\n"1);
printf("%60sn, "Enter the first seven characters of");
printf("1\n\n11);

printf("X58s", "the Abelian group file name after");

printf("\n\n"1);

printf(IM49s", "the 1*1 and press ENTER.");

printf("\n\n"1);

printf("%50s", "To exit just press ENTER.");

printf("1\n\n"1);

printf("%27s", "* 0);

gets(abel ian);

if(*abeL ian)

file read(etements, dihedral, cyclic, abeLian, unknown);

whi Le(abelian);
break;

case '4':
do

* cirscro;

dihedratE0 rO] 01

cycliclOl 1\;

abetian[O] -=\1
unknown(0 a1\1

pr intf("1\n\n\n\n\n\n\n"1);

printf('225s",, "DIRECTIONS:");

printf("1\n\n\n"1);
printf("760s", "Enter the first seven characters of");
printf(N\n\nS);
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printf("XS8s", "the Unknown group Mie name after");
printfC"\n\n"l);
printf("XA9s"1, "the 1*1 ond press ENTER.");
printfC"\n\n");

printfC"%5Os", "To exit just press ENTER.");

printfCSIM27s", " 1)

gets(ziknown);

if*nkon

fite read(etements, dihedrat, cycLic, abetian, unknown);

whi le(unknown);
break;

case 151:
printf("lexit"l);

choice[O] 1\1
break;

defautt:
break,

whi Le(*choice);
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/*

ABSALGMG.C - This program is the Group Generation menu for the Abstract
Algebra programming system.

This presents the user with a Menu. The user choses the type of group

they want generated. The program then passes control to that system.

*/

extern char subsets[273] (203], internal form[155];

void dihedraLgeneration(char elements] [], char *);

void cycticgeneration(char elements(][], char *);
void unknowngeneration(char eLements[ C] C);

void abeLiangeneration(char elements] []);

void group-generation()
(

char choice[3], dihedraL[41, cyclic[4], abetian[4];

char etements [203] [155];

int i, j, n;

/*

The foLtowing white loop will execute as tong as choice

does not return a NULL value, i.e. 1\0'

*/

do
(

clrscro;

printf( "\n\n\n\n\n");

printf(",45s", "GROUP GENERATION MENU");
printf("\n\n\n");
printf("%5Os", "Option 1 for DIHEDRAL GROUPS");

printf(\n\n");

printf(",48s", "Option 2 for CYCLIC GROUPS");

printf("\n\n" );

printf("49s", "Option 3 for ABELIAN GROUPS");

printf("\n\n");

printf("49s", "Option 4. for UNKNOWN GROUPS");

printf("\n\n");

prfntf(" l43s", "Option 5 EXIT PROGRAM");
printf("\n\n\n" );

prlntf("X37s", "Enter Option and press ENTER: ");

gets(choice);
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switch(*choice) /* case statement *

case V1:

do

cLrscr();
dihedral wi 1\;

pri ntf ("\n\n\fl\f\n\n\n"');
print f(NX25s", "OIRECTIONS:);

printfc"I\n\n\n");
printf("X60s", "Enter the number of the Dihedral Group");

printf("I\n\n4I);

printf(IMS1s', "after the '0' and press ENTER");

printf(I"\n\n"I);
printfC"%46s", "To exit just press ENTER");

printfC"%24s", "'D ");

gets(dihedrat);

dihedraL..generatiol~elemleflts, dihedral);

whiLe(*dihedraL);

break;

case '2':

do

ctrscro);
Lyc~ic(OJ a=\1

printfC"%25s", "'DIRECTIONS:"1);
printf("\n\n\n"I);
printfC"X5Bs"l, "Enter the number of the Cyclic Group");

printfc"I\n\n1I);
printf(6%5191", "after the 'C' and press ENTER");

printfC"\n\n1I);
prlntf(O24s", "To exit just press ENTER");

printf("\n\nII);
printf("XZ4s", "1C "1);

gets(cycL ic);

if('cyciic)

cyctic generation~elemelts, cyclic);
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whi Le(*cycL Ic);
break;

case '3':
abel ian-generation(etements);
break;

case '4':
Lanknowngeneration(eLements);
break;

case '5':

choicetO] 1\1
break;

defauLt:
break;

whi Le(*choice);
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ARSALGOG.C -This program produces the generators for dihedral groups for
Abstract Algebra Programuing System

extern char subsets(273] [2031, internaL. form[155];

#include 'stdLib.h"I
divt x;

void initialtize(char elementsCl [1;
void periutation-out(char elementsfl [1);
void dihedral._ file-write(char etementsfl [I, char )

void canonica. formattero;
void work -driver(char elementsfl [J, int )

void screenprinter write(char elements[][C], char ~,char *~char ~,char )

void dihedra. generationeLeients, dihedral)
char elements[203] [155], dihedral [4];

char return-char [3], ddunyl [4], ddumziy2 C8] * ddismmy3 [81;
mnt i, j, n, m, dihedraL Length, dihedral value, order;
int diiax =101, amin =2, leftyparen

initiaL ize(eLements);
order =0;

S= 0; j =1;
dihedrat length =strlen(dihedrat);
if(dihedral _Length !=0);

cL~scro;
sscanf(&dihedrat.[ii, "U" &dihedraL value);
if(dihedral-value > cdnin && dihedral value < dmax)

elements WI WI = dihedral value;
eleinents[0]CI ( 1\;
x div(dihedratvaLue, 2);

/* building the first generator ~

interna. form[ii = leftparen;

while(i c= dihedral value)

internal formi ai
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4++

internal form~ii a \1
strcpy~eLements~jl, *internaL form);
internal formEO] a \=
++.j; I m 0;
internaL form~ii = Leftjyaren;
++j

/* buiLding the second generator *

if(x.rem ==0) /* dihedral vaLue is even ~

m 1
n =dihedraL vaLue;
whiie~m 'n)

internal form~il = m
++i; 4'II1;

internal form[i) - ni;

++i; -- nl;

internal formti) z Leftparen;
++;

internal form(il z = f

else /* dihedral value is odd *

m =2;
n =dihedraL..value;

white(nt n)

internal form~ll -=m
++1; ++n1;
internal-form~ij = n;
++i; -- n;
internal-form(ii = leftj~aren;

internal formini = \0

canonical-formattero;

strcpy(etements Ci], i nternal form);
Internal formCO] z \= #
printf('\n\n\nThe DIHEDRAL GROUP GENERATORS are:\n\nl');
perlmutation-out(eLenents);

order =3;
work driver~eLements, &order);

91



dihedrat-fie.write(etfllefts, dlhdraL);

ctrscro;

return..char(O] \0
printfC"\n\n\nTo view the etements and subgrous\n\l");

printf("Enter any alpha-key and press ENTER");

printf("\n\nElse press ENTER to continue\n\n");

gets( return char);

if(return-charCO] Ix 1\01)

ddu,.ylCOl - \=

ddur.WZWJ a \=
dduamy3EO]1\;
screen~printer..yrite(elements, dillqdra1, ddiumwyl, ddummy2, dduxwi3);

else

printf("\n\n\nThe entered vaLue of %d is Oither < 3 or '100".,

dihedraL-vatue);
printf("\n\nPress ENTER to continue");

gets( return char);
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ABSALGCG.C - This program produces the generators for cyclic groups for
Abstract Algebra Progranmming System

extern char subsets [273] (203], Internal form[15];

void jnjtialjze(char elementst] U);
void permutation out(char elements C) D;
void cyclic file write~char elements!I] , char )
void canonical formattero;
void work driver~char elements[)(], fnt )
void screenprinter write(char eLementsflti, char*, char, char' char')

void cyclic generation(etements, cyclic)
char elementsE203] [155], cyclict4];

char return-char [2], cdumuyl (4] cdummy2 £8], cduy3 ra];
int i, j, n, m, cycliclength, cyclic-vatue, order;
mnt dnax = 101, dmin a 2, Leftparen = -1;

initiaL ize( elements);
order = 0;
I = 0; j = 1;
cycliclength = strten~cyctic);
if(cycLic length I= 0);

ctrscro;
sscanf(&cyclici, "Ud", IcycLic value);
if(cyclic value >dmin && cyctic value < cdnax)

etementsC0] [0] = cyclic value;
etementsEflh] m \1

* I'/ building the only generator '

internal form[I] a leftparen;

whilei <= cyclic value)

internal formi z i;
++j;

internal form~i] = \0
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strcpy(et~mrts Cii, internat form);
internet form(O] z \f

j a 0;
printf(1\n\n\nThe CYCLIC GROUP GENERATOR ts:\nl);

periwtat ion-out(etements);
order a 2;
work drlver~elements, &order);
cycticfi Leurite~etemmnts, cyclic);
ctrscro;
return charCOl = \;
printf("\n\n\nTo view the elements and sugr oups\n\n");
printf ("Enter any aLpha-key and press ENTER");
printf(11\nnrise press ENTER to contlnue\n~nll);
getaC return char);

if(return-CharCO] in1\1

cdu'mYlCO) a \;
cduiuy2COl z \=
cduuny3EOI a \;
screet~rinter-write(etements, cdumy1, cyclic, cdummy2, cdummy3);

else

printf("\n\n\nThe entered value of %d is either <3 or > 100"1,
cycl ic-value);

printf("\n\nPress ENTER to-continue");
gets( return char);
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AGSALGAG.C - This program accepts permuitations from a user for the
abeL ian group generation for the Abstract Algebra Programming System.

extern char subsets (2731 (2033 * internaL formE1551;

void initiaLize(char etementsE30C);
int internaL format~char permuiJnt]);
void perimtation out(char etementsfl(1);
void check etements(char etementasi Cl, tnt *, tnt )
void work driver(char eLementsfl C], tnt *);
void abeLian file write(char etementasl 0, char abetian file-name ();
void screenprinter-write(char elementaC] , char *, char *, char *~char*)

void abeLiangqeneration(eLements)
char etewnents[2033 (155];

char pernu in[8i], return Chart23, abeLian-fiLe-nameE83;

char adunwyl (4] adummy2E(4, aduuny3 (81;
int i, good-bad, order, new-order, element nultber;
int number of .1 ements iniput;

order = 1; new-order z 1;
number of elements input = 7;
initiaL ize(eLements);
cirscro;

printf("X%25s", "DIRECTIONS:");
printf1 11\n\n\n1");
printf("267s", "When prompted with a 's', enter a permutation");
printf("\n");

printf("165s", "in cycle notation. Use 'C)' as delimiters."1);

printf(1165s", "Enter only interger values (i) in the range");
printf("\n");
printfC"%65s", "0D < 1 128. Place a space between each i,");

printf("\n");
printf("'Mis", "For Example: (1 34 5)(23 127 21");
printf("\n\n");
printfC"167s", "A PERMUTATION KAY ONLY BE 80 CHARACTERS LONG.");
printf("\n");
printf("%69s", "NOTE: A GROUP MAY HAVE A TOTAL OF 128 ELEMF.S.1");
printfV'\n\n"1);
printf("X67s",, "Press ENTER when the permutation is complete.",);
print f("Wn');
printf("X%65s"l, "To end entry press ENTER with a null input.",);
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printfCU\n\nl);

putchC'*');

gets (peramiu in);
i a 0;
swl te(*permu in)

lf(nuber-of-eementsirput In 0)

if~permulin~il -nIC

good-bad a internal forzamt(persu n);
Iffgood bad)

check etements~etements, &new-order, &etement-nuaber);
if(order Is new order)

- nuber of etements input;

order a neworder;
cirscro;

print f(H\n.nh);

printfu69sI, "The above permutation has aLready been en
tered.11);

printfC"\n\nll);

printf("%62s", "Press ENTER to reenter your perimutation."

gets(return-char);

etse

printf("\n\nll);
printf("M63s", "The first etement of entry must be a I('.");
printf("l\n\nl");
printfC"V62s", "Press ENTER to reenter your permutation.");
getsC return char);

cirscro;
printfC"'This is the canonicaL form ");

printf("lof the permutations you entered\n");
permutat ion-out(eLements);
if(numbderof-elerents-input In 0)

printf(IM25s", "DIRECTIONS:");
print f ("\\n");
printf(X67s", "When prompted with a enter a permutation");
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printf("\n*);
prfntf("265s", "in cycle notation. Use 'C.)' as delimiters."1);
printf("\n");

prfntf("M15s", "Enter only interger values (i) in the range");
printf("\n");
printf("*65s", "0D < i- 128. Place a space between each i,"1);
printf(NnN);
printf("Wel", "For Example: (1 34 5)(23 127 2).11);
printf("\n\n");
printf(NX67s", "A PERMUTATION MAY ONLY BE 80 CHARACTERS LONG.",);
prlntf("\nu);
prfntfC"X69s", "NOTE: A GROUP MAY HAVE A TOTAL OF 128 ELEMENTS.");
prlntf("\n\n0);
prlntf("167s", "Press ENTER when the permutation is compLete."1);
printf("\n");
printf("%65s", "To end entry press ENTER with a null input.",);

putch("'I);
gets(perlmi n);

else

printf("1\n\n"1);
printf("X65s", "You have entered the max number of permutations.");
printf("\n\n"1);
printf("153s", "Press ENTER to generated the group. "1);

gets( return char);
permuinCO3 = \;

else

prjntfC"\n\n"1);
printf("267s", "You may only enter a total of 7 permutations.");
printf("\ n\n"1);
printf("X62s", "Press ENTER for the program to continue.");
gets( return char);
permu-intO] = \;

if(number-of-elements-i nput 4 7)

work driver~elements, &order);
cirscro;
print f("1\n\n\n\n\n"#);
printf("'At the *, please enter up to seven (7) characters for a filename.\n\n");
printf("INOTE: DO NOT ENTER THE PERIOD AND THREE CHARACTER EXTENSION.\n\n"l);
printf(X2Ss"1, "* ,)

getacabelan-fi Icname);
abetian file write(etewuents, abelian-fi Icname);
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cIrscro;
return-charll a \=

printfV'\n\n\nTo view the etements and si.bgroups\n\n');

printf(uEnter any atpha-key and press ENTER");
prfntf(u\n\nELse press ENTER to continue\n\nm);

gets( return char);
if(return-charEO] In '\01)

adummyl[OJ = \;

aduiw2(O] = \;
adummy3CO] = \;

screenprinter-write(eLements, adumnyl, adummy2, abetian-fiLe-name, adummy3);
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/*

ABSALGUG.C - This program accepts permutations from a user :or the
unknown group generation for the Abstract Algebra Programuing System.

*/

extern char subsets [273] [203], internat_form[155];

void initiatize(char elements] []);

int internal format(char perNuin[]);

void permutation out(char elements[ )]);

void check eLements(char elements] ], nt *, nt *);

void work driver(char elementsa] C], int *);

void unknown file-write(char elements[]( ], char unknown-fite-name[]);

void screenprinter write(char eLements[] [], char *, char *, char *, char *);

void unknown_generat ion(eLements)

char etements[203] [155];

char permu in [81], return char [2], unknownf ii tename [8];
char udummyl [4], udummy2 [4], udummy [8];

int i, good bad, order, new-order, element number;

int number of etementsi nput;

order = 1; new-order = 1;

numberofetements input = 7;
initiatize(etements);

ctrscro;

printf("\n\n");

printf("25s", "DIRECTIONS:");

printf("\n\n\n");

printf("X67s", "When prompted with a *'i, enter a permutation");

printf("\n");

printf("65s", "in cycle notation. Use '()' as delimiters.");

print f("\n");

printf("%65s", "Enter only interger values (i) in the range");

printf("\n");

printf("65s", "0 < i < 128. Place a space between each i,"1);

printf("\n");

printf("X61s", "For Example: (1 34 5)(23 127 2).");

printf("\n\n");

printf("%67s", "A PERMUTATION MAY ONLY BE 80 CHARACTERS LONG.");

print f("\n");

printf("%69s", "NOTE: A GROUP MAY HAVE A TOTAL OF 128 ELEMENTS.");

printf("\n\n");

printf("167s", "Press ENTER when the permutation is complete.");

printf("\n");
printf("165s", "To end entry press ENTER with a null input.");
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printf("\n\n"l);

putchQt*#);
getspera~a n);
I = 0;
whi le(peru-.in)

if(number of eLements iniput I= 0)

if~permu-intil = C

good-bad = internal format(permu in);
if(goodjbad)

check-eemmnts(eLements, &new-order, &e lement~nuiiber);
if(order In new-order)

- number of etemental niput;
order z new order;
cLrscr();

else

Printf("\n\n"l);
printf("X69s", "The above permutation has aiready been en

tered."1);
prlntf("\n\nll);
printf("262s", "Press ENTER to reenter your permutation."

getsc return char);

else

pri ntfC"l\n\n"l);
printf(I'62s, "Press ENTER to reenter your permutation.");
gets( return char);

cLrscro;
printf("'This is the canonical form "1);
printf("lof the permutations you entered\n");
permutat ion out(EsLements);
if(number_of-elenients iniput In 0)

printf("125s", "DIRECTIONS:");

printf("167s", "When prompted with a enter a permutation");
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printf ("Wn);
printf("%65s", "in cycle notation. Use '0' as delimiters."1);
pri ntf ( \n");
printf("%65s", "Enter only interger values (i) in the range");
printfC"\n");
printf("X65s", "0D i < 128. Place a space between each i,11);
printf("\n");
printfCH"WsN, "For Example: (0 34 5)(23 127 2)."1);
printf("1\n\n");
printf("X679", "A PERMUTATION MAY ONLY BE 80 CHARACTERS LONG.");
printfCOWn);
printf("X69s", "NOTE: A GROUP MAY HAVE A TOTAL OF 128 ELEMENTS.");

printf("\n\n");
printf("X67s", "Press ENTER when the pervmutation is complete.");
printf ("WI);
printf("X65s", "To end entry press ENTER with a null input.",);

printf("1\n\n"1);
putch(0* I);

gets( permu in);

else

printf(1"\n\n"1);

printf("%65s", "You have entered the max number of permu~tations.");
printf("1\n\n"1);
printf(X%53s", "Press ENTER to generated the group. "1);

gets( return char);
permu inCO) = \;

else

pri ntf("1\n\n"1);
printf("X67s", "You may only enter a total of 7 permutations.,,);

printf("%62s", "Press ENTER for the program to continue.");
gets( return char);
permu-in[O] = \;

if(number of elements input < 7)

work driver(etements, &order);
ctrscro;
printf(1"\n\n\n\n\n");
printf("'At the *, please enter up to seven (7) characters for a filename.\n\n");
printf(NOTE: DO NOT ENTER THE PERIOD AND THREE CHARACTER EXTENSION.\n\n"l);
printf("X25s", "' 1)
gets(unknownflLe-name);
unknown file write(eLements, unknown file-name);
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ctrscro;
return char[O] = \;
printf("\n\n\nTo view the elements and subgroups\n\n");
printf("Enter any atphra-key and press ENTER");
printf("\n\nE(se press ENTER to contfnue~n\n");
gets(return-char);
if(return-CharCOl I= \)

uduavYl [02 = \;
udummy2(0j a \=
udumnY3C01 \1
screenjprinter-write(eenents, udLainy, udumamy2, udummy3, unknown file name);
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ABSALGIN.C - This program initializes the external arrays.

extern char subsets[273J [203]. internal form[?.55];

void initiatize(etenents)
char elements (203] (155];

int i;

internal formi \1
whiledi < 203)

etementsMEi] = 0 0]

while(i < 273)

subsetsi][0J =\0

++j
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ABSALGCC.C - Canonical Formatter Program for the Abstract Algebra Programming

System

This function puts into canonical form any permutation passed to

it. It breaks down into three separate parts:

Part 1: Separates the given permutation into individual cycles.

Part 2: Works on each individual cycle, placing the smallest

value first.

Part 3: Combines the individual cycles into one permutation.

Placing the cycle with -he largest first value first

then each cycle in decreasing order by the value of

the first element.

This function is called after every permutation multiplication.

*/

extern char subsets [273] [203], internaltform[155];

void canonical formatter()

(

char temp_form[155], canonical form(53] [155], first element;

int i, j, m, n, t, depthof canonical form;
int lengthof internal form, hold, once-through;

j = 0; n = 0; m = 0; temp_form(O) = '\0'; /* start Part 1 */
LengthofinternaL form = strLen(internaL_form);

while(j c lengthofinternal form)
(

canonicaL formm][n) = irternaLtform[j];
++j;

whiLe(internaL form[j] I= internaL_form[01 && internal form[j] =\01)
(

++n;

canonical form[ m[n] = internalformj];
++j;

)

++n;

canonical form[m][n =N0;

++m; n = 0;
I

depthofcanonicaL form = m - 1; /* end of Part 1 */
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m = 0; n = 1; /* start Part 2*
whiLe(m <= depth-of-canonical form)

first element - canionical form~m] En];
hold =n; ++n;
while(canionicatlform(m][n] I 1 \0')

if(first-element > canonical form~m] En])

first element a canonical form~m] En];
hold = n;

i= 0;
tempformt:] = internal formEO];

++;n =hold;

temp~formi = canonical form~m] En];
++n; ++i;
whiLe~canonicaLformtm] En] I canonicaLjornEml [hold])

if(canonicat-formEm] En] I= 1\01)

temp-form~i] = canonical form~m] En];
++i; ++n;

else

n 1

telp-form~i) a \=
strcpy(canonicatlform~mJ, tefip form);
++m; n 1

1 /* end of Part 2*

n =1; once-through = 1; 1 z 0; /* start Part 3 *
while(depthof-canonicalform - 0)

m z 0;
first element = canonical forin~m] En];
hold = m; ++m;
while(m :depth of canionical form)

if(first-element < canonical-formlm] in])

first-element =canonical formim] En];
hold z=m
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i = hold; m = i + 1; jz 0;
if(once through == 1)

white(canonicatformi] Ci] I= 1\01)

tempforniC] =can~onicaL formcl] Ci];
++I; ++j;

* -once through;

else

white(canonicatlformc J i]j in 1\01)

tempforn[LJ = canonicaL form~if] j;

while(m <= depth of canonicat form)

strcpy(canonicatformi * canriical-fom~in);
++i; ++m;

- -depth of canoni catlforni;

3 1/* end of Part 3*

teap-form[LJ = \;
strcpy( internaL form, tetvp form);
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ABSALGPO.C - This program printsout the generating elements produced by

the different generating programs - Groupd, Groupc. Groupa, and Groupg

extern char subsetsE2731 [203], internal-formE1551;

void permtation-out(eLements)
* char elementsE203] [155];

int i, j

whiLe(elementsj] [0] Iz 1\01)

strcpy(internaljform, etements~ijD;

while(internaL-formil I= 1\0')

if(internatlformi -= internal form[Ol)

printf(c')( "1);

++j

else

printf("Xd "1, internal form[iJ);
++j;

printf(")\n');
++j; j 1
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1*

ABSALGIF.C - Internal Formatter for the Abstract Algebra Programing

System.

This function accepts a permutation from the Driver and converts it into the

internal format that the rest of the program can then use. This routine

calls SINGLETON SEARCH, CANONICAL FORMATTER, and DISJOINT to perform

its tasks.

*/

extern char subsets[273] [2031, internal form[155];

#include "ctype.h"

void singleton searcho;

void disjoint(char ifworkform[]);

void canonical formattero;

int internal format(permu_in)

char permu-in[80];

(

char return char[2], if workforin[311];

int i, j, intvaL, n, digittest, space-test, goodbad;

i = 0; j = 0; good bad = 1;
n = strten(permu in);

if work form[O] = 1\0';

whiLe(i < n)
C

digit test = isdigit(perufinfij);

if (digit_test)
C

sscanf(&permu inrl], "Ud', &int vat);

if(int val > 127)
(

ctrscro;
printf("\.n\n\nd is greater than 127, ", intval);

prlntf("lthe maximum allowed value.\n\n");

printf("Ptease press ENTER to continue ");

gets( return char);
good bad = 0;

break;
)

else
C

if(int vat == 0)
(

ctrscr();
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printf("\n\n\nO by itself is not an allowed input value.\n\n");

printf("PLease press ENTER to continue 11);

gets( return-char);
good bad r-0;
break;

internaL formij] =intvaL;
+; ++j;
digit test = isdigit(peru-ni);

whiLe(digit test)

digit test x isdigit(permnli.. mi);

else

space-test = isspece(permu.if[iD);

f(space test)
++j

else

if(perimwjn~i] 'IV)

internat form~j] -1;
++j; ++j;

else

lf(permu-inlil Y
++j

else

ctrscro;

printf("\n\n~nlntegers, spaces, and ''are the 1);

printf("lonly legal characters.\n\n');

prfntf("Please press ENTER to continue '9);

gets( return char);

good bad =0;
break;

internaL forml =\1

i f(good bad)

sing Leton searcho;
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n strten(internat form);

if(n)

strcpy(if work form, internaljform);

disjoint(if work form);

j = 0;
white(if-work-formjil Ic 1\0')

internat form~jj a if work form~ij;

++j

internal form~j] = \;
singleton searcho;
n = strLencinternal form);

if(n)

canonica,._formattero;
else

cirscro;
printf("'%n\n\nThe previous perutation equated to all singletons.");

printf("Ptease press ENTER to continue 11);

gets( retuirn char);

good-bad = 0;

else

cirscro;
printfQ"\n\n\nThe previous permutationi equated to all singtetons.\n\n");
printf("'Please press ENTER to continue "1);

gets(return-char);
good-bad z0;

return( good bad);

110



ABSALGFR.C - File read data program for the Abstract Atgeba Programrming
System

This program reads the data created and written to a file by the

different Group Generation Programs.

extern char subsets[2731 [2031, internaL form[155];

#inctude 'stdio h"

void screenprinter write(char etementsUE C, char *, char *, char *, char )

void file -read(etements, dihedral, cyclic, abetian, unknown)

char eLements[2031 [155], dihedralC4l, cycLic[41, abelian(81, unknown[83;

int i, j, int~vaLue, efiLe-vatue, sfile vatue, dihecral-value, cyclic value;
mnt char-count, Line-count, high count, Length count, count array[2731;
char element-form[1551, subgroup formC203], output setect[3];
char element-fiteC 51, subgroup-fite(15l, return Cher[21;

char subgroup sort [2731 [2031;
FILE *ep;

FILE *sp;
FILE *prnyptr;

/* the following area is the filename construction area ~

S= 0;

if(dihedratC0] I=1\0

element-fiteCOl a 'DO;
element-file[13 a * O
element fite[2] z=\0
subgroup fite[01 a '0';
subgroup fill a S'
subgroup fite[21 x \*
strcat(element-fl e, dihedral);

strcat(subgroup fite, dihedral);

else

if(cycticC0] 1z \1

element fileCO) z 'C';

element fite~l] z u O

etement fiteC2l a \*



subgroup.fiteCO] ='CV;

subgroup..fitle IS'

subgroupjfite[21 %#

strcat(etement file, cyclic);

strcat(subgroupji Le, cyclic);

else

if(abelian[O] 1= 1%01)

element fiteEO] Is'%f
subgroupjfite(O] %1

strcpy(elementjfile, abeiian);

strcpy(sL'bgroupjfike, abetian);

strcat(eiement-file, "Ell);

strcat(subgroup.file, Is"i);

else

etefnent-fte[O) = \;

subgroup..fiLe[Ol a %S

strcpy(eiementjfi I, unwknown);

strcpy(subgroupfi Le, unknown);

strcat(eemelt-.file, 'I");

strcat(subgroupfi le, loss$)

strcat(element file, "I.DAT");

strcat(subgroup~fi Ic, II.DAT"l);

/* the following area opens the files *

ifC(ep =fopen(eLement.file, "Irt"l)) == NULL)

printf(licannot open eleamnt fite\n");
exit (1);

if((sp =fopen(subgroupjfile, "Irt"l)) -NULL)

printf("lcannot open subgroup fite\n");

exit (1);

/* the following area reads the element fie *

= 0; j =m 1;

efite value - fread(elementjform, 1, 155, ep);

whi le(efi I. value)
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while(etemefltjormi I= '\01)

int value cetementj.oril;

if(int value -2 -2)

elements!]i -i 13;
++ I;

else

ff(int value - -3)

etementsiCi1 26;

e lse

elements Cili C = eLerent..orminli;

etements~j ii =

efite value = fread(element.form, 1, 155, ep);

++i; i z 0;

fctose(ep);

etements(IICOl \1

/* the following area reads the subgroup file *

i = 0; j = 1;

sfite..value = fread(sugroup-.forU, 1, 203, sp);

whi le(sfi le-value)

while(subgroupformtl] I=1\1

int value = subgroup.formlii.;

if(int value c -2)

subsetsi i] 13;
+4;

else

if(int..value =2-3)

subsets~ji Ci] 26;
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else

if(int value == -4)

subetscj]ril m 115;

else

subsets[J~ I] subgroup form~iJ;

subsets~jiJ~i =\0

sfite vatue =fread(subgroup form, 1, 203, sp);
++j; i 0;

fctose(sp);
subsets[j]tOJ 1\0

screenprinter_write(etements, dihedral, cyclic, abetian, unknown);
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/*

ABSALGPS.C - Write data to either the printer or screen for the Abstract

ALgebra Programming System

This program gets the data created and/or written to a file by the

different Group Generation Programs and wrtes to the appropriate output.

*/

extern char subsets[273][203], internalform[155];

#include "stdio.h"

void ordersubgroups(int countarray[l, int *);

void screenprinter write(elements, dihedral, cyclic, abetian, unknown)

char etements[203][155], dihedral[4], cyclic[4], abelian[8], unknown[8];

(

int i, j, int_vaLue, dihedratvatue, cyclicvaLue, count, subgroup-number;

int charcount, line-count, high count, countarray[273];

char outputselect[31, return.char[2];

FILE *prrptr;

highcount = 0;

ordersubgroups(count array, &highcount);

count = 1;

/* the following area determines if output

goes either to screen or to printer */

ctrscro;

printf("\n\n\n\n\n\n\n");

printf("%50s", "SELECT OUTPUT METHOD");

printf("\n\n\n");

printf("%45s", "p for PRINTER");

printf("\n\n");

printf(%44s", I' "s for SCREEN");

printf("\n\n\n");

printf("%40s", "Enter choice and press ENTER: ");

gets(outputselect);

/* the following area is for screen output */

if(outputselect(O] == 's')
(

ctrscro;

printf("The elements are the foLtIowing:\n\n");
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printfC'eO is the identity elemint\n");
S=1; =1;

while(etements~i(jl[I= 1 \0')

strcpy(internaL form, etementscjJ);
printf("e~d =( 11, j);
while(internaltform~i] =1\1

if(internaL-formtil = internaL-form[O])

printf(Il)( m);

else

1)riftf("Xd ~,internaL form~il);

print f (I')Wn);
++j; j 1

printf("\nThe subgroups are the fatLowing:\n\n");

printf(I'S0 is the nut( subgroup\n");
i = 1; subgroup nLviber -1;

white(count -= high count)

white(subsets[jJL] !1\)

if(count ==count array~j])

i 0;

rrintf("S~d = C eO ",subgroup numbier);
ihite(subsets[ji][i 1\01

printf("e~d ",subsets~j] (ii);
++j

Frintf(')\n');

i+j; ++subgroup-number;

else

4+j;

++count;

printf("\n\nPress ENTER to continue: 11);
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gets(return_char);

I* the following area is for printer output *

if(outputselect[OJ == p')
C
i = 0;
clrscro;

printf("X44s", "PRINTING");

prnyptr = fopenC"PRN", "owt"l);

if(dihedrat[O] 1= \)

C

sscanf(&dihedratfi], "Ud", &dihedraL value);
fprintf(prnJptr, "\n\ri)INEDRAL GROUP D(%d)\n\n\n", dihedral_ iaLue);

else

if(cyclictOl I= '\01)

sscanf(&cyct ictl] "', &cy:lic value);

fprintf(prn~ptr, "\n\nCYCLIC GROUP C(%d)\n\n\n", cycL icvaLue);

else

if(abeLiantOJ 1= 1\01)

fprintf(prn-ptr, "\nknABELIAN GROUP (%s)\n\n\n", abeLian);

else

fpr int f( prnpt r, 1"\n\nUNKNOWN GROUP (Xs )\n\n\n", unknown);

fputs("'The ELEMENTS are the folLowing:\n\n", prnptr);

fputs("eO is the identity eLement\n", prnyptr);

j =1; line-Count = 9;
while(elements[j][0] 1= \)

if(line count > 60)
C

fprintf(prnptr, "\n\n\n\n\r\n\n\n");
Line-count = 3;

fprintf(prnptr, 1e~d ( ,j);

= 1; char-count = 9;
white(etementslj]Ci J= 0\0
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if(char count >80)

fprintf(prn~ptr, "WIS);
char-count a 0;
++tie-count;

if(tine count > 60)

fpit( r~t,"nnnnj.nnn)

Line-count r3;

if(elemenits~j][i us etementsfj] rel)
(

+41; char-count x char-count + 3;

etse

fprintf(prnptr, I'M "1, etementstjj Ci]);
--i; char-count =char-count + 3;

fprintf(prnptr, uI)\n");

++line-count;

if(line-count <= 61)

whi te(lne count -c 70)

fprintf(prnptr, '4WI');
++Line-count;

fputs("'The subgroups are the foilowing:\n\n", prnptr);
fputs(ISO is the nuLL subgroup\n", prn~ptr);

j=1; line_count = 7; subgroup nuiiber = 1;

whiLe(count <= high count:)

white(subsets~jH] =1\)

if(count count arraytj])

i =0;

if(Line count > 60)

fprintf(prnptr, "\n\n\n\n\n\n\n\n"):

line-Count = 3;

tprintf(prnptr, IS'M eO 11, subgroup-number);
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char-count = 12;

while(subsets~j3Ei != 1'\01)

if(char-couit > 80)

fprintf(prn.ptr, "\ns");
char count z0;

++Line-count;

jf(Line-couit >60)

fprintf(prn.ptr. '\n\n\n\n\n\n\l\");
Line-count = 3;

fprintf(prn -ptr, le~d 11, subsetsj] (iJ);

++i; char count = char-count + 5;

fprintf(prn.ptr, ')I\n");
++j; +tine count; .+subgroup nLI1ber;

etse

-+counlt;

if(Line count - 61)

white(Line count < 67)

fprintf(prnptr, "\n");

++Line-count;

fctose(prn~ptr);
printf("\n\nPress ENTER to continue: ");

gets( return char);
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ABSALGOS.C - orders the subgroup data from Lowest order to highest order
for Abstract Algebra Programming System

extern char si.bsets [273] [203], internaL formE155J;

void order sugro14,s(count array, h igh count)
int count array[273J, *hlgh count;

int i, j;
int length count;

/* the following area sorts the s;ubgroup file *

f = 0;
whiLeOi < 273)

count_arrayi = 0;
++j

Length count a 0;
j = 1;
white(subsets[j]0 I=] '\0')

Length -count =strten(subsetscjfl;

ff(tength count > *higti count)

*high count =Length count;

count array~j) Length_.:ount;
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ABSALGDW.C - Dihedral write data program for the Abstract Idgebra Programming
System

This program writes the data created by the Dihedral Group Generation Program.

extern char subsets (273] (2031, internat form[155];

#incLude "stdio.h"l

void dihedral file-Write(etements, dihedral)

char elements (203] (155], dihedral (41;

mnt i, j, int-value, efile value, sfite value;
char element formE155], subgroup form[203];
char dihedraL..eLement[12], dihedral subgroup[123;
FILE *ep;
FILE *sp;

/* the following area is the filename construction area *

i= 0;

dihedral-elementC0] , DO

dihedral-el ement(l] = EI

dihedral element[2J =0\;
dihedral subgrouplOl -=DI

dihedral subgroupll] z IS';
dihedral subgroupE23 C = 0
strcat(dihedral element, dihedral);
strcat(dihedraL subgroup, dihedral);

strcat(dihedral element, 11.DAT"1);
strcat(dihedraL subgroup, "I.DAT"1);

/* the following area opens the files '

-if((ep =fopen(dihedral element, "lwt")) M= ULL)

printf("lcannot open element file\n");
exit (1);

if((sp =fopen(dihedral subgroup, 11wt"1)) -= NULL)

printf("lcannot open subgroup file\n");
exit(1);
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/* the folltowing area writes the element file

i= 0; j 1;

whike(etemefltsUj][O] I=1\

white(i < 155)

element-form~il = \;
++4;

i = 0;

white(etements~i]i (I- Iz \01)

int vaLue =eLeents~jl Ci];

if(int value == 13)

element-jormfiJ - -2;
++jI;

else

if(int-value -26)

etement-form(i] =-3;

else

element formi] =elementsj [i];

etement formtil 1\0

efiLe -value = fwrite(etenientjform, 155, 1, ep);

+.; = 0;

fctose(ep);

/* the following area writes the subgroup file *

1 = 0; j = 1;

whiile(subsets~j] (01 1= 1\01)

whiLeOi < 203)

subgroup-formi = \;
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ic0;
while(subsetsil Cii la 1\O9

int value xsubsets~jJ Cii;

jf(int-value -- 13)

subgropjorUil m -2;

eLse

if~int-value zz 26)

subgroupjformci] -.3

else

if(int value zz 115,'

sujbgroup~foimri] -4;

else

subgroupfoi-mlii subsets (]lli];

subgroupforil 1\0

sfile vatue = write(subgroupforl, 203, 1, sp);

+.+j; i c0;

fclose(sp);
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ABSALGCWI.C - Cyclic write data program for the Abstract Algebra Progranming

System

This program writes the data created by the Cyclic Group Generation Program.

extern char subsets (273] (203], internal form(155];

#include *"stdio.his

void cyclic~fitewrite(eLmets, cyclic)
char elements[2031 (155], cycLic(4];

mnt i, j, int value, efile value, sfile value;
char element form[155] , subgroup formE2031;
char cycLic e~ement[121, cyclic_!iubgroup(12];
FILE *ep;
FILE *sp;

I' the following area is the filename construction area ~

i z 0;
cycicetemet0] z'ce;
cyctuc element (1] = II
cycliceLemnt (2] = \;
cyclic subgroupcO] = 'C';
cycLic subgroup(1] = I'
cyclic subgroup[2] = \f
strcat(cyclic element, cyclic);
strcat(cycL icsubgroup, cyclic);
strcat(cyclic element, "I.DAT"l);

strcat(cyclic subgroup, "I.DAT');

/* the following area opens the files *

if((ep =fopen(cyclic element, "wt"l)) zNULL)

printf("lcannot open elemnrt file\n"t);
xi t( 1);

if((sp =fopen(cyclic subgroup, "1wt11)) ==NULL)

printf("lcannot open subgroup fite\n");
exit (1);
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/* the following area writes the element file *

S=0; j = 1;

while(etementsj]O (0 1 \01)

while(I < 155)

element formfi] a \;
++j1;

1 = 0;
while(elementstjlil I= \1

Int value a etements~j] Ci];

if(int value an13)

element foruil a.2;
++j

else

if(int value == 26)

element form~i] -3;

else

element formtij elements (11 (i;

element formi \1
efile value = fwrite(eLement form, 155, 1, ep);
++j; i z 0;

fclosecep);

/* the following area writes the subgroup file ~

i = 0; j =1;
whiLe(subsets~i] (0] Iz 1\01)

whiledi 203)

subgroup form~i] 1\0
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i = 0;
while(subsetsj Cil 1= '\01)

int vaLue = subsets~l] Ci];
if(int value == 13)

subgroup formil a -2;
++j.

else

ifint-value ==26)

subgroup form~il -3;
4+i;

else

Mfint-value zz115)

subgroup..form(il -4;
++jI;

else
f
subgroup-formfli subsetstjj Ci];

subgroup formlil] \
sfile-value = fwrite(subgroup form, 203, 1, sp);
++j; i =0

fcLose(sp);
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ABSALGAW.C - Abetian write data program for the Abstract Algebra Programrming
System

This program writes the data created by the AbeLien Group Ge3neration Program.

extern char subsets (273] (203], internal form~i5S];

#include "stdio.hi"

void abelian-flewrite(etements, abellanile name)
char elementsC203] [155], abetian fiLe name(B];

mnt i, j, intvalue, efiLe-value, sfiLe-value;

char element formEiSS], subgroup formC2O3J;
char abelian-eement[15J, abetian-Subgroup[15];
FILE *ep;
FILE *sp;

/* the following area is the filename construction area *

S= 0;

abeLian-eLement[0] 1\1
abelian-subgroup[0] =\1

strcpy(abeLian element, abetian file-name);
strcpy(abeLian subgroup, abelian-fiLe-name);
strcat(abelian-element, "E.OAT");

strcat(abelian subgroup, "S.DAT");

/* the following area opens the files *

if((ep = fopen(abetian element, "wt")) ==NULL)

printf ("cannot open element file\n");
exiit (1);

if((sp fopen(abelian subgroup, "wt")) =- NULL)

printf("lcannot open subgroup file\n");

exit(1);

I* the following area writes the element file ~

S= 0; j =1;
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while(etementsj3E (0] \0

whiLe(i 155)

etement formil= \;
++ I;

i = 0;

whiLe(elementsj Ci] I= 1\0')

int-vakue zetemntstilEi);
if(int value ==13)

eiement form[i] = -2;
++j.

else

if(int value == 26)

element form~u] -3;
++j;

else

element foe-mfil etementsj IM;

++j;

element_formi] 1\1
efile value = fwrite(eleinent form, 155, 1, ep);

+.+j; i = 0;

fclose(ep);

/* the following area writes the subgroup file '

i=0; j = 1;
whiLe(subsetsCj] (01 !=1\

while(i <203)

subgroup formlil -\0
++i

i 0;

white(subsetsi(jl I= 1\0W')

int value =subse:s~j] Ci];
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Mfint-value -a13)

subgroup form~iJ = -2;
++j

else

if(int value ==26)

subgroupformil -3;

++j

else

if(int value ==115)

subgroup form~il -4;
+4;

else

subgroup form~ij subsets[j][iJ;

subgroup formtil =\1

sfile value = fwrite(subgroup form, 203, 1, sp);
++j; i =0;

fcLose(sp);
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ABSALGUW.C - Unknown write data program for the Abstract Algebra Prograiming

System

This program writes the data created by the Unknown Group Generation Program.

extern char subsets (273] (203] , internal form[155];

#include "stdiohi

void unknown -file -write(eLements, unknown file-name)

char elements[203) [155], unknown fiLe nanie[8);

int i, j, int vatue, efiLe -value, sfiLe value;
char element form(155], subgroup ,form(203];
char unknown-element (15], unknowrsubgroup[15J;
FILE *ep;

FILE *sp;

/* the following area is the filename construction area ~

S= 0;

unknown eLement[0] 1\1
unknown subgroupE0J =\1

strcpy(unknown -element, unknown file-nm);
strcpy(unknown subgroup, unknownfi Ic name);
strcat(unknown_element, "1E.OAT'9);

strcat(unknown-subgroup, "S.DAT11);

/* the following area opens the files '

if((ep =fopen(unknown element, "wt")) ==NULL)

printfQ'lcannot open element file\n*);

exit (1);

if((sp =fopen(unknown subgroup, "Wt")) ==NULL)

printf("lcannot open subgroup fiLe\n");
exit(1);

]w

/* the following area writes the Aement file *

i =0; j = 1;
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white(eLementstj][0 I- 1 \0')

whiLe~i < 155)

etement formtij 1\1

++i

i= 0;

white(elemeltstjl (i] I: '\0')

4 imt value = elementstjl Ci];

jf(int-value == 13)

element formti] = -2;

++1;

else

if(int value ==26)

etement..formtiJ -3;

++J

else

etement-formli3 elementstj] Ci];
++j

element form~ij 1\0';

efite value = fwrite(etement form, 155, 1, ep);

++j; i = 0;

fclose(ep);

/* the following area writes the subgroup file *

i=0; j =1;
whiLe(subsetstj] [0] J= 0\0')

whiLe(i < 203)

subgroupjformti] - \O

++j

while(subsetstj]1 CI= 1= \01)

mnt value m subsetstjl Ci];
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if(int vatue ==13)

subgroup formi -2;
++i

else

if(int-value ==26)

subgroup formnil= -3;
++4;

else
c
if(int value =a 115)

subgroup-fornil =-4;

.e Ise

subgroup formil =subsets(J](1];
++4;

subgroup formli2 '\f

sfite value = fwrite(sub;roupform, 203, 1, sp);

++;i= 0;

fctose(sp);
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ABSALGGD.C - Group Generator Driver Program for Abstract Algebra
Programvfing System

This function calls all the functions necessary to generate a group.

extern char subsets (273] (203], internat formE1551;

void a to the n(char etementsE]l , char in t ~,char;
void subgroup-sort(char *);

void add subgroups(char *, mnt )
char check subgroup(char *);
void a-times-b(char etementst[1], char in t ',char*)

work driver(elements, order)

char etements (2031 (155];
mnt *order;

char save set[407J, setE407], work formC31 ];
char element-used-tabte(203]C2];
int ne-re, i, j, length of subset, compare-Sets, m, n;
mnt new nun sets, no new elements, do-not have-subgroup, length;
int nun subsets, 1, length of set;

i = 0;
white(i < 203)

element used tableMi] 0] zs\1
element used table~i](1 zl 1\1

work form(0l1\;
save-set[0J 1\1

set[01 = \;
new-order = *order;
num-subsets z0;
new-nun sets = nuxn subsets;
j = 1; i = 0; set~i] = \;

while(j - *order) /* This sets up the base set of elements. ~

seth]l = j

strcpy( internal form, elementstj]);
a to the n(elements, set, &new-order, work form);

element used tabletj] 0] z =

subgroup sort(set);
add subgroups(set, &newnunsets);
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num subsets = new-nun sets;
i= 0; ++j;
*order = new-Order;
set~i] \1

j

while(*order <= 201)

no-new-elements =1;
Length of subset = strten(subsetsi);
length z ength of subset + 1
if(length == *order)

++i

Length of subset = strten(subsets i]);

white(Length_of_subset)

(tcyst sbes,)
strcpy(savet, subsets 3);

Length of subset = st~rLen(subSets Ci]);
length = length_of_suibset + 1;
if(Length == *order)

++j

Length of subset = strien(subsetstjID;

whi Le( Length of subset)

I = 0;
Length of-set =strLen(set);
while(subsetsCj] CL] 1= '\00)

se~egh-fst subsets~j] CL];
++L; *+Length of set;

set~length of set] a \=
subgroup sort (set);
compare-sets = strcmp(set, save-Set);
f(compare sets)

do not have subgroup = check-subgroup(set);
i f(do not have subgroup)

a-times-b(eLements, set, &new-order, work form);
if(order -s new-order)

sujbgroup sort~set);
add subgroups(set, &new-num sets);
if(newji.sets == nun-subsets)
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st rcpy( set, save-Set);

Length -of -subset z strien(subsets[j]);
if(Length ==*order)

++j

length of subset = strien(subsets (I));

else

nun -subsets = new-nuxn-sets;
Length of subset = 0; no new-eLements 0;

else

subgroup_ sort( set);

add _subc,,roups (set, &newnuT_sets);
nun subsets = new num sets;

length cif subset = 0; no-new-elements =0;

*order znew-Order;

m* 1; r =0; set~n) = \1

whiLe~ni < *order)

if(element-usedtabLe[njo) j= 'x')

set CJ= mi;

strcpy(internat.forn. etements~ml);

a-to-the-n(etements, set, &new-order,
work form);

eLement used tables] [0] = ll

subgroup sort(- et);

add ksubgroups(setc, &new_num-sets);

n =0; ++m;
*order =new-Order;

nun subsets =new-num sets;

set(n)

else

++M

etse
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Length of subset ustrten(subsets~il);
if(Length =*order)

Length of subset a strien(subsetsli]);

else

++(

Length of subset =strten(subsetsrjl);

if(tength an *order)

++*; 1 ;
tegh~skegth of ensubset ustrL);sbet~D

i fno neete eemnt

*orde = 255;

*ordeert ofeub-torder;er
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ABSALGAN.C - Basic Premtation Raised to a Power Program for the Abstract
Algebra Programning System

The function receives a permutationl and muttlplles that permutation
by itself until the null string (1\01) is found.

extern char subsets[273) [2031, internal form[155];

void disjoint(char *);
void singleton searcho;
void canonical format tero;

void check etements(char eLements~lfl, int *, mnt )

void a -to -the -n(elements, set, order, work-form)
char eiements[203] [155], set[4O7], work form[311];

mnt *order;

char save form[155];
int k, element nuimber, i;

mnt new-order, length internal form, length work form;

save form[0]=1\1
new-order = *order; k = 1;
strcpy(save -form, internal form);
strcpy(work form, internal form);

strcat(work-form, save-form);
Length work -form x strlen(work form);
whi le( length work form)

di sjoint(work form);
= 0;

wtiLe(work-formi) I= 1\0')

internal form~il = work form~i];

internal formtil z \00;
singleton searcho;
length internal form u strlen( internal form);

length work form n 0;
f( length internal form)

canonical-formattero;
check etements~etements, &new-order, &etement_number);
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set CkJr eteiuent..fumber;
++k;
strcpy(tworkform, internatijor);
strcat~work.form, save-form);
L ength work aorm = st rteri(workjform);

*order - new-Order;
set~k] = \;
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1*

ASSALGSS.C - Subgroup Sorter Program for the Abstract Algebra Progranming

System

This function recieves a subset and then sorts it from Lowest to

highest.

*/

void subgroup sort(set)

char set [407);

(

char tempset[407], deletesetC407], element;

int i, j, n, length ofset, hold, second hoLd;

j = 0; i = 0; temp-set[O] '\01; delete set[O] =1\0;

element = set(i];
hold = i; ++i; second hold = 101;

white(etement != 1\00)
(

white(set[i] I= 1\01)
(

if(eLement < setri])
++ 1;

else
(

if(element > setEi)
(

element x set~i];
hold = 1; ++i;
I

else
(

second hoLd z i; ++i;
I

I

I

tefWpset[j] element;
i= 0; ++j; n 0;

length ofset strien(set);

whiLe(i < length of-set)
C

if(i == hold 11 == second-hold)

++j;

else

detete settn] = set i];
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++i; ++n;

strcpy(set, delete set);
i = 0;
element = set i);
hold i ; ++i; second_hold =101;

teflp-set~j] 1\1
strcpy(set, temp set);
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1*

ABSALGAS.C - Adds generated Subgroups to the List of Subgroups for the

Abstract Algebra Programming System

This function searches aLL the known subsets that have been produced

to determine if the current subset is a new subset If it i.;, then it

is added to the List and the list is returned to the calling function.

*/

extern char subsets[273]J203], internat form[155];

void add subgroups(set, new num sets)

char set[4071;

int *newnum sets;

(

char temp_set [203J;

int i, j, new, alreadyhave it, lengthofsubset;

temp_set[O] = '\O; i = 0;

j z 1; already_haveit = 0;

white(setfi] 1= 1\01
)

(

temp-set[i] = set(l];
++j ;

)

tem pset[i] = 1\01;

Length_of_subset = strten(subsetsj]);

whi Le( tength_of subset)
C

new = strcmp(temp_set, subsets[j]);

i f(new)
C
++j;

length of subset - strten(subsetsfj]);
)

else
C
++a I readyhave it;

length ofsubset a 0;
)

)

if (aL ready have_it)

return;

else
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strcpy(subsetstil, tenp set);

*flew fluflsets = *new nejn setB + 1;
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ABSALGKG.C - Check Subgroups for Existence Program for the? Abstract Algebra
Programmning System

This function searches all the known subgroups that have been
produced to determine if the current subgroup is on the List:.

extern char subsets[273] C203J, internal form[1553;

char check subgroup(set)

char set[407J;

char temp set [203];
int i, j, new, have subgroup, length of subgroup;

1 = 0; temn-set (0] = \;

while(set(i] =1\1

temn-settiJ = set Ci];
++i.

temp-set~iJ = \;

j = 1; have~subgroup =1;
length_of_subgroup =strien(subsets~j]);

whi Le( length of subgroup)

new = strcnm,(temp set, subsets~j)D;

length of subgroup a strLen(subsets~jJ);

else

-have-subgroup;

length of subgroup =0;

return have-subgroup;
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ABSALGAB.C - Multiplier of two Permiutationis for Abstract Algebra
Programmning System

This function receives a set of elements which is composed of 2

subgroups. Its primary function is multiplying every element of

the set by every other element of the set both the Left and the
right side.

extern char subsets[2731 (203], internal_ form[155];

void disjoint(char *);

void singleton -searcho;
void canonical -formattero;

void check -elements(char elements[( ], mnt *, mnt')
void subgroup sort(char *);

void a-times-b(elements, set, order, won:_form)

char eLements[203] (155], setE4073, work-,4orm[311J;
int *order;

mnt i, j, n, new -order, length oif set, count, element, multiplier;

mnt multiplican, length of_ internal_form, element rnber;
mnt save length_of_set, donth v~ t, m;

savelength of set =strlen(set).:
length of set =save I ength of stet;

new-order *order;

i 0; j = ;

whilei clength-of-set)

multiplier =setti];
multiplican set Ci];
strcpy(work_form, elements[multipller]);
strcat(work-form, etements~nultiptican]);
whiLe(j <length of set)

count = 2;
whi le~count)

disjoint(work form);

m =0;
white(workform~m] 1= '\0')

144



internal formn[m] work form Em];

+)M

internal form(m] \;

singLeton -searcho);
length of internal form strten( internaorm);

i fCLength of internatform)

-count;
canoricaltformattero;
check-elemsnts(elellents, &new-order, &eLement_nunrber);

n z0; do not have it = 1;

white(n <Lengthof_ set)

element =set En];
ifetement rsmrier ==element)

n =length of set;

do not have ft = 0;

else

)+n

if(do not have-it)

set En] = elcment-number;
element = 0; ++n;
set~n] z ec-ment;

length of set =strLen(set);

else
count z 0;

if(count)

strcpy(work -form, eLemrents[muLtiptican]);

strcat(work form, etementscrruttiplier]);

length of set a strien(set);
if(j <Length~ofset)

strcpy(work.form, etements[riultiplier] );

muttfp~ican - settjl;

strcat(work-forn, etementstmuttiptican]);

length_of_set = strten(set);

if(savelength of set ==Length of set)
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++i; i;

etse

subgroup sort(set);
1 0; j = ;
saveLength of set xstriet,(set);

Length of set = cave-teigthofset;

*order new-order;
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ABSALGPM.C - Basic Permutation Multiplier for Abstract Algebra

Programming System

This program is called by PROGRAM A TO THE N and A TIML~ i :o perform

all the necessary multiplication of the permutation generate d by the

program.

This program uses Algorithm A (Multiply permutations in cycle form)

from FUNDAMENTAL ALGORITHMS, page 162, by Knuth, 1969.

*/

void disjoint(work form)

char work-form[Il1] ;

(

char temp_form[311], start, current;

int i, j, m, alreadyused;
int n, untagged, tength workform;

temp-form[O] = 1\01;
Length work form = strLen(work form);

i = 0; j = 0;
temp form[i] a workformtj];
++i; ++j;

temp form(iJ = workform[jl];

start = work-form[j];

++i; ++j;

current = work-formcj];

while(start I= '\Of)
(

if(current == work form[O] current ==\C)
(

-j;

current x work formj];

while(current In work form[Ol)
p (

j-;
current x work form(j);
)

44j;
current w work formIjI;

++j;

white(j <z length work form)

(
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white~current I= work formtjl)

if(workform~i a 100
break;

if(workform[jJ =1\1

current =work form~jJ;
if(current ==work formrOl ijcurrent \1

(;

current = work formtjl;
whiLe(current I= work form WI)

current = work form~i];

current awork-formMj;

++j

else
j= Length work form +1;

if(current I= start)

tempformliI = current;

++i; -1;

else

3=0;
untagged -work lormtj];

white(untagged I= 0)

already _used - 0;
M = 0;

white(m 0)

if(tempformlnij I= work formfj])

(As

already used - 1;
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if (alreadyused)

untagged =work forrntjj;

else
break;

if(untagged -= 0)

teap-form~i] z \=
start = tewpform~i];

else

tenpform(il - work form (01;
++ I;

start awork -formIJI;
teuptformtl = start;
++j; ++i;
current = work formfjJ;

work form[0] 1\1

strcpy(work form, temp form);
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ASSALGSI.C - Singleton Search and Deletion Program for the Abstract Algebra

Programing System

This function searches a permutation, which Is in the internal format,
for singleton cycles. When a singleton cycle is encounxtered it is
deleted. This function is called after every permutation
multiplication.

extern char subsets[2733 [203J, internal formE1551;

void singleton-search()

char temp form[155];
int I, j, m, n;

temp-formtOJ = \;
j 0; 1 = 0; m = 0;
n =strLen(internalform);
while(j <n)

if(internaLformlj] irternaL-formtO])

i = j + 2;

if(internaL-form,.ij == internal formC0] internal formlil 1\01

else

teep-fforir] =]intntefrnajl;fr~
++m; ++j;

temteirpmor] = inntrratlformlj];

strcpy( internal form, temp-form);
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ABSALGKE.C - Element Checker for the Abstract Algebra Prograemming System

This function searches all the known elements that have been produced
to determine if the current element is a new element. if it is then
it is added to the List and the list is returned to the calling
function.

extern char subsets(273J (203], internal form[155l;

void check elements(elements, order, elent number)
char elements[203J [155);
int *order, *eLepmentnumbr;

mnt j, Length_of-element, new, already have it;

j= 1; already-have-it z0; *eLementrumer = 0;
length_of-element =strien(elementsfjJ);
white(Length_of_element)

new = strcmp( internal form, eleovents (j]
if (new)

length of element = strLen(eLementstl);

else

**atIready have it;
*element-numtber a j

Length of element z 0;

if(aLready have it)
return;

else

strcpy(elements(j], internal form);
*etemnt-numbr = j;
*order a *order + 1;
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